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INTRODUCTION

Information concerning the chemical composition of
freshwater fishes is useful to ecologists and environment-
alists who are interested in determining the effects of
changing biological/environmental conditions on the
composition, survival, and population changes within
fish species. It is also valuable to nutritionists concerned
with readily available sources of low-fat, high-protein
foods such as most freshwater fishes, and to the food
scientist who is interested in developing them into
high-protein foods while ensuring the finest quality
flavor, color, odor, texture, and safety obtainable with
maximum nutritive value. In the future, given the
anticipated devel opment of aquaculture, knowledge of
the nutrient composition of freshwater fishes and of the
relationship between their chemical composition, food
value, and stability while being processed into acceptable
edible products will become of significant practical
interest. These factors, plus the potential of exploiting
presently unused freshwater species for developing
high-protein foods for avast world market, underscore the
need for reliable analytical data.
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The unique position of fish as a source of low-fat,
high-protein, highly nutritious food makes development
of new fish products economically attractive and desir-
able because the number of persons who require specia
diets that are low in fat but high in unsaturated fatty
acids is increasing. This fact, which should be appre-
ciated by virtue of its economic significance alone, was
recently emphasized by Stansby (1973). However, new
food products, although highly recommended for their
nutritive value, have limited markets unless they are
attractive to the consumer. Chemical components, and
lipids in particular, are potential sources of problems in
materials being developed as food products. Many con-
sumers are offended by off-odors and off-flavors, particu-
larly in reacting to new food products, and especialy
those derived from fish. The lipids in fish flesh are highly
unsaturated and oxidize very rapidly to produce carbonyl
compounds (aldehydes, ketones) which impart off-flavors
to low-fat foods, (e.g., lean fish filets) at concentrations
as low as parts per billion. Thus in developing new pro-
ducts, thorough knowledge of the lipid and fatty-acid
composition is essential in order to clarify their rolg(s) in
food quality.
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Significance

Lipids occur in fish in the muscle, adipose, and liver.
All muscle lipids are highly unsaturated and thus un-
stable, but those of the dark muscle are the most unstable
(Stansby, 1967; Ackman, 1974). In addition, fish
muscles have very active lipases that hydrolyze ester
lipids and release free fatty acids. These fatty acids cause
deterioration in fish and fish products (Love, 1964).

Lipids affect texture. Tenderness in fish products is
associated with the solubility and water-holding capacity
of muscle proteins. However, fish and fish products be-
come tough, "dry", and gritty during storage, even when
frozen (Ackman, 1967a; Love, 1964; Olley, 1969). Thisis
amajor problem that is apparently caused by the free fatty
acids. These are released by endogenous lipases, which
are activated when the fish tissue is ruptured during
deboning or homogenizing. The accumulating fatty acids
gradually reduce solubility of the muscle myosin, which
in turn aggregates and then loses water as drip during
thawing. The net result is tough, dry fish with inferior
texture (Love, 1964; Dyer, 1968; Anderson, 1964). The
enzymes involved are general lipases acting on
trigly-cerides and  phospholipases  acting  on
phospholipids. More basic information is needed
concerning the location and properties of these hydrolytic
enzymes.

Lipids affect flavor. Rancidity, caused by free acids
directly, but more significantly by the oxidation products
of fatty acids, is the most important problem associated
with the acceptibility of fish (Stansby, 1967; Ackman,
1967a, 1974; Dyer, 1966). A primary cause of deterioration
in fresh fish, frozen fish and processed fish products is
oxidation of the component lipids. Oxidation occurs via
free-radica mechanisms, and because the fish fatty acids
are highly unsaturated they oxidize very easily (Olcott,
1962). Free fatty acids oxidize more rapidly than those
that are esterified, hence processes resulting in
hydrolysis of acyl esters facilitate deterioration of fish
products. Such processes as grinding, deboning, or
comminution (pulverizing), which disrupt the tissue,
break down natural barriers and facilitate hydrolysis of
the lipids. The oxidation of free fatty acids results in
several deleterious effects, the most obvious being the
accumulation of carbonyls (aldehydes and ketones)
which, even at very low concentrations, impart rancid
flavors and make fish unpalatable, though safe and nu-
tritious.

The oxidative degradation of unsaturated lipids pro-
duces hydroperoxides, acids, alcohols, aldehydes, ke-
tones, furans, and semialdehydes. These chemicals can
interact with proteins (i.e. dicarbonyl/epsilon amino
group (lysine) condensation) to form polymers; with
amino acids to form acyl esters (bitter taste); or with
sugars and alcohols in aldol condensations, all of which
result in product deterioration. This may be evidenced
by changes in texture, flavor, odor, and color, making
products unacceptable to the potential consumer. A

significant result of autoxidation is the destruction of
essential amino acids, lysine, methionine, and perhaps
histidine, of vitamins such as C, E, thiamine, and
ribo-flavin, and of the essentia fatty acid, linoleic acid
(Karel, 1975).

The interaction of peroxidizing lipids with tissue pro-
teins and the resulting deleterious effects — for example,
insolubilization, pigment formation, amino acid and
vitamin destruction, and the development of malodors,
bitter tastes, and gritty textures have been alluded to
with regard to other food systems (Schultz, 1962;
Karel, 1975; Ory, 1975), but their importance in fish and
fish products has not been quantified, although it is very
probable that several of these reactions may occur.

Lipids affect color. The heme pigments associated
with dark muscles catalyze autoxidation of lipids. Oxi-
dizing lipids in turn cause decomposition of heme pig-
ments, which results in various off colors (Green,
1975). Because these reactions are interdependent, control
of the initia step should be effective. The role of heme in
lipid oxidation and off-color development in meat has
been reviewed (Greene, 1975). However, little is known
of this reaction in fish, where, particularly in comminuted
products, various tissues containing hemoglobin are
mixed.

The extent of these reactions may vary with fish
species, their lipid content, and composition; processing
regime; the portion(s) of fish used, particularly the
amount of red muscles included; the extent of aeration,
heat, and freezing; the nature of packaging used, and
storage conditions.

These various deleterious reactions are significant
where fishery products are intended for consumer
markets, but much fundamental information is needed.
Thus, for the successful, long-term development of fresh-
water fish resources and as aprerequisite for the successful
use of several fish species as food per se or as food in-
gredients, accurate information on the chemical compo-
sition is necessary.

Present Status

Knowledge of the nutrient content and composition
of freshwater fishes of the northeastern United States is
scarce. Available information about the composition of
freshwater fish species in general is scattered throughout
the literature, and much of the data were obtained by
obsolete analytical methods. Thurston et al. (1959) pub-
lished proximate compositional data on a number of
freshwater species, and Sidwell (1974) listed the proxi-
mal composition of 154 species, predominantly of marine
origin. The need for reliable data concerning nutrients
in fish and marine products has been repeatedly empha-
sized (Ackman, 1974; Kinsdlaet a., 1975).

Data on sterol content and composition are scarce
(Sweeney and Weihrauch, 1977; Criner et a., 1972) and
there are few data on the phospholipid content of fresh-
water fish species. Overall, knowledge of the lipid and



fatty-acid composition is fragmentary and of limited use
for quantitative application for several reasons, for ex-
ample, the variety of sampling methods used, lack of
description of portions analyzed, variable methodologies
employed, and improper identification of fatty acids
(Ackman, 1967b; Kinsdlla et al., 1975). The available
information on finfish has been reviewed by Stansby
(1967) and Ackman (1967a, 1974), and quantitative
data were recently collated by Exler et al. (1975) and
Exler and Weihrauch (1976). These reviews revealed
the paucity of data on the fatty-acid content of freshwater
finfish.

Therefore, in conjunction with the current research at
Cornell University concerned with developing foods
from freshwater fish species, a systematic study of the
proximate composition and the detailed lipid and
fatty-acid composition of several freshwater species
inhabiting New Y ork lakes was completed.

Materials and Methods

Sample Preparation

The smelt, suckers, and rainbow and lake trout were
caught in Cayuga Lake, Ithaca, N.Y.; brook trout were
caught in a local stream, and all remaining species of
fishes analyzed were harvested from Oneida Lake at
Bridgeport, N.Y. by personnel of the Cornell Biological
Station. Before analysis, the head, tail, fins, viscera, and
skin of the fish were removed. Fish filets were obtained
by carefully cutting the fish lengthwise along the back-
bone to obtain maximum amount of flesh while exclud-
ing bones. The weight of each filet was determined. Be-
cause the different sections of the filets vary in compo-
sition depending upon their location (Stansby, 1973),
the filets were cut into small portions (Icm?), which were
mixed before random samples were taken for the an-
dyses.

All chemicals and organic solvents used were reagent
grade (Fisher Scientific Co., Rochester, N. Y.), and dis-
tilled water was used in the analytical work.

Analyses

The proximate composition, phospholipid and sterol
content, and fatty-acid composition of each species were
determined. For sampling, from 3 to 10 fish were anayzed
for each species. The moisture, lipid, and phospholipid
content were determined on all of these fish samples.
For determination of protein, ash, and sterol content, 3
individual, representative, fish samples of each species
were analyzed.

Proximate Composition

Moisture content: Random samples of fish filets
(2-3g) were weighed in duplicate in tared aluminum
pans and heated in aforced-air oven (Precision Scienti-

fic, Chicago, Il11.) at 90°C to constant weight. Mois-
ture content was determined by weight difference.

Protein content: Protein was determined by the Kjel-
dahl method (AOAC, 1970). Samples of dried [ish
filets (0.8-0.4g) were [ully digested in 25 ml of concen-
trated sulfuric acid along with 0.7g mercuric oxide and
15g potassium sulfate. After digestion, 250 ml of water,
25 ml of a 4% potassium sulfide solution, and sodium
hydroxide solution 50 ml, (50% by wit) were added to
the digested sample. The ammonia was distilled into 2%
boric acid (25 ml) and utrated against 0.IN hydro-
chloric acid with methyl red-bromeresol green as indi-
cator. Protein was computed by multiplying the nitrogen
value by 6.25.

Ash content: Ash content was determined according
to the AOAC (1970) method. Samples of fish filets
(2.0g) were dried in a crucible at 100°C in an oven. The
dried sample was heated in a muffle furnace (Hoskins
Co., Detroit, Mich.) at 525°C until a white ash was ob-
tained. The ash was moistened with water, dried on a hot
plate, and reashed at 525°C to a constant weight.

Lipids: The lipids were extracted by the method of
Bligh and Dyer (1959) with slight modifications. Repre-
sentative samples of fish filets (30g) were homogenized
in a Waring blendor for 2 minutes with a mixture of
methanol (60 ml) and chloroform (30 ml). One volume
of chloroform (30 ml) was added 1o the mixture and,
after blending for an additional 30 seconds, 30 ml of
distilled water was added. The homogenate was stirred
with a glass rod and filtered through Whatman No. |
filter paper on a Buchner funnel with slight suction. The
filtrate was transierred to a separatory funnel. The lower
clear phase was drained into a 250-ml round-bottom
flask and concentrated with a rotary evaporator at 40°C.
The concentrated lipid extract was quantitatively trans-
ferred 1o a vial and made up to a final volume of 20 ml
with chloroform. Aliquots (2 ml each) were evaporated
in tared vials to constant weight under nitrogen to deter-
mine the lipid content. Butylated hydroxy toluene
(BHT) at a concentration of 0.05% was added to the re-
maining lipid extract, and the extract was stored at -40°C
for further analysis.

Fatty-acid content: Fatty-acid contenis of the total
lipid extracts were determined by saponification of
50-100 mg of lipid with 10% alcoholic KOH (3 ml) at 85°C
for 20 minutes. After water (3 ml) was added, the nonsa-
ponifiable material was thrice extracted with hexane. The
residual soaps were acidified to pH 1.5, and the free fatty
acids were thrice extracted with hexane. The extracts were
pooled, dried in a tared vial, and the weight of fatty acids
determined. The average results of triplicate analyses are
reported for each species. These data were used to
calculate the weights of individual fatty acids separated by
gas chromatography.

Phospholipids: The method of Raheja et al. (1973) was
used for phospholipid determination. Aliquots of fish
lipid extracts containing 1-10 pg of lipid phosphorus



were added to test tubes (15 x 125 mm) and the solvent was
evaporated to dryness. Chloroform (0.4 ml) and
chromo-genic solution (0.1 ml; Rahegja et d., 1973) were
added, and the tubes were heated at 100°C in awater bath
for 75 seconds. When it was cool, chloroform (5 ml) was
added and the tubes were shaken gently. After the solvent
and aqueous layers were separated, the lower chloroform
layer wasrecovered and the absorbanceread at 710 nmina
spectrophotometer (Bausch and Lomb Model 700). Pure
dipalmitoyl phosphatidylcholine (4.4% phosphorus)
was used to construct a standard curve of absorbance
plotted against lipid phosphorus.

Sterols:  Sterols were quantified by gasliquid
chroma-tography. Aliquots of fish lipids (30 mg) were
added to screw-capped test tubes, and cholestane (500
jug) was added as an internal standard. The solvent was
removed under nitrogen, and the lipid was saponified
at 85°C for 30 minutes, by using 3 ml of 10% potassium
hydroxidein 70% agueous ethanol, to which 0.2 ml of ben-
zene had been added to ensure miscibility. Distilled water
(3 ml) was added, and hexane (2 ml) was used to extract
the nonsaponifiable materials (sterols, etc.). Three
extractions, each with 2 ml of hexane, were carried out for
1 hour, 30 minutes, and 30 minutes, respectively, to
achieve complete extraction of the sterols. Shorter
extraction times resulted in incomplete recovery of
cholestane and cholesterol. The hexane was evaporated
to 300 /ul, and aliquots of this solution were used to deter-
mine sterol content and  composition by
gas-chromatog-raphy (Hewlett-Packard Model 5630A
automated gas chromatograph). The  paired
chromatographic columns were stainless steel, 60 cm
long, 3.5 mm ID and were packed with 3% OV-17 on
100-120 mesh Gas Chrom P support (Applied Science,
State College, PA). The temperature of the column,
injection port, and detector were 230°C, 270°C, and
300°C, respectively. Sterolswere identified by matching
the retention times with standard authentic sterols:
cholesterol, cholestanol, stig-masterol, and sitosterol
(Applied Science, State College, PA).

Since gas chromatographic analyses indicated that
cholesterol comprised 99% of total sterols, the sterol
content of each sample was quantified by comparing
cholesterol-cholestane peak area ratios with those of
preassayed standard mixtures of cholesterol and chole-
stane (Ishikawaet a., 1974).

Fatty-acid analyses. Fifteen mg of lipid materia
containing 1 mg of triheptadecanoin acid as internal
standard was saponified for 5 minutes at 95°C with 1.0
ml 0.5N KOH in dry methanol. After neutralization with
0.7N HC1, 3 ml of 14% boron triflouride in methanol was
added, and the mixture was heated for 5 minutes at 90°C
to achieve complete methylation. The fatty-acid methyl
esters were thrice extracted from this mixture with
hexane and concentrated to 0.5 ml. Analyses by
thin-layer chromatography showed that complete
methylation was achieved, and quantification by gas
chroma-

tography revealed recovery rates of 96 + 2 for methyl
heptadecanoate.

Gas chromatography: The content and composition
of fatty-acid methyl esters. (FAME) were analyzed by
Hewlett Packard Series 5831A automated gas chroma-
tograph, which features dual columns, dual flame ioni-
ration detectors, and a muliifuncuion digital processor
housed in a keyboard-controlled instrument. The com-
puter processor controls column temperatures, integrates
peak area, and records peak retention times. The auto-
matic injector eliminated tedious manual injection and
ensured injection of constant volumes. The tempera-
ture of injection port and detector were 250°C and 300°C,
respectively. Hydrogen, nitrogen, and air flow rates were
45, 40, and 240 ml/min., respectively.

To obtain complete resolution and guantification of
all fatry acids, two separaie column packings were used
under different conditions. For routine analysis of methyl
esters, stainless steel columns (1.9 metre long, 5 mm D)
packed with EGSS, 10% on Gas-Chrom P 100-120 mesh
{Applied Science, State College, PA) was used. The
temperatures of the columns were 200°0C when operated
1sothermally or, when operated with temperature pro-
gramming, were 170°C inidally and programmed at
2°C/ min. to a final temperature of 210°C and held at
this temperature until the end of the run. The EGSS
column packing coupled with temperature programming
achieved separation of all fauy acids except that there
was overlapping of C18:3 with C20:1 and of C20:4 with
C22:1. These fauy-acid peaks were separated and
guantilied by means of a column packing of Silar 10C
(Supelco, Bellefonte, PA), 10% coated on Gas-Chrom
), 100 mesh. Dual columns (3.8 m long, 1/8% 1I)) were
operated isothermally at 210°C or at a temperature pro-
grammed from 200°C o 240°C at 1°C per minute. This
succeeded in separating the C18:3 from C20:1 and C20:4
from C22:1. Because C20:1 and C22:1 rarely exceeded
1.5% and 1.0% of wotal fauy acids, the Silar 10C columns
were not used for all duplicate analyses.

Identification of Fatty Acids

Because the molecular weights were so close and
various positional isomers were present, several proce-
dures were used to identify the fatty-acid methyl esters
(FAME) on chromatograms. Initally we constructed a
retention timetable for all FAME probably present in
freshwarter fish, by means of which a quick identifica-
tion of unknown chromatographic peaks was possible.
First, data for the retention umetable (table 1) were ab-
tained by determining the retention times of standard
mixtures of pure FAME; 16:0, 16:1, 18:0, 18:1, 18:2wé6,
18:8:w3, 20:0, 20:1, 20:2w6, 20:3w3, 20:4w6, 20:5w3,
22:600 and 24:1 (Nu-Chek Prep, Elysion, Minn.).
Then, using a graphical procedure (Ackman, 1963a) that
involved plotting the log of retention time against the
chain length of homologous series of FAME, four parallel
lines were obtained which related molecular structure to



Table 1. Retention times of standard fatty-acid methyl

Table 2. Area response factors of some fatty acid methyl

esters® relative to methyl oleate esters®
Fatty-acid St gl e Rriam.rf. Fatty-acid methyl ester Calibration factor (__L_u-n 3t %)
methyl ester relention lime methyl ester refention time area %
12:0 0.20 20:0 1.44 14:0 0.98
15:0 0.26 200 w9 1.62 16:0 0.95
14:0 0.53 202w 1.84 161 0.94
14:1 0.36 20:3w9 209 18:0 1.02
15:0 0.42 20036 2.40 18:1 0.99
15:1 0.50 203w 3 272 18:2 1.03
16:0 0.5% 20046 272 18:3 1.06
16:1w7 0.62 204w 3 315 20:0 1.01
16:2w 7 0.70 205w 3 3.57 20:1 1.00
17:0 0.67 22:0 2.42 20:2 1.0
17:1 0.80 22: 19 282 204 1.0
18:0 0.86 22:5wh 4.08 21 1.01
18: lw 9% 1.00 22:3w3 4.57 24:1 1.04
18: 2w 1.13 224w6 4.64 226 1.05
;g::g :i: 33;::; 233 *5* EGSS-X column packed 4/6/76.
18:3wh 1.41 22:5uwh 5.27
18:3w3 1.62 22:5w 3 6.03
18: 4203 1.84 23 faw § 6.90
19:0 1.11 24: 1w 4.73
19%:1 1.29 2463 11.62 RESULTS AND DISCUSSION

* Determuned sothermally at 200°C, using EGS5-X Iiguid phase and
conditions as described in methods.
fuw - denotes position of double bond from methyl end of fatty acid,

retention times for homologues ol saturated, mono-
unsaturated, w6 diunsaturated, and w3 triunsaturated
fatty acids. These lines permitted the tentative identili-
cation of unknown FAME whose retention times fell on
these plots. In addition, separation factors (Ackman,
1963h) were calculated by dividing the retention time of
one FAME by the lower retention time of an isomeric
FAME of the same chain length. Constant separation
factors are obtained for FAME with same chain length
but differing in the number of double bonds, for ex-
ample, C18:3, C18:2, C18:1 and C18:0.

By applyving these procedures and using the two differ-
ent liquid-phase column packings EGS55-X and Silar
10C, most of the FAME in [reshwater [ish species were
identified.

Quantification of Fatty Acids

The areas of the peaks on the chromatograms were
integrated electronically by the digital processor. How-
ever, because several factors may influence detector
response (Sheppard et al.,, 1968), area response factors
were determined by chromatographing known amounts
of standard FAME and plotting peak area vs. weights in-
jected. An internal standard, methyl heptadecanoate,
was also used o obtain relative area response factors
for the principal FAME in fish and to estimate quantities
of individual FAME. Thus, peak areas obtained by tri-
angulation were corrected for variations in detector re-
sponse and the percent distribution of each FAME com-
puted (table 2).

The summarized data on proximate composition and
sterol and phospholipid content are presented in table 3.
The proximate data for bullhead, burbot, drum, yellow
perch, and walleye are comparable to those of Thurston
et a. (1959), wheress those for trout diverge appreciably.
These discrepancies and those observed for the lipids
may be caused by several variable environmental, dietary,
and physiological factors (Stansby, 1970; Ackman,
1974; Exler et al., 1975) and significantly by the portion
of fish analyzed (Kinsellaet d., 1975).

The phospholipid content of fish muscle, which here-
tofore was stated to be around 0.5g per 10Qg fish, ranged
from 185mg to 872 mg per 100 filet in freshwater fish.
At low lipid levels, the phospholipid content of filets
tended to increase as total lipid content of filet in-
creased but rarely exceeded 600 mg/IOQg filet. This re-
lationship was expressed approximately by the equation

Y = 85X + 274
where

Y = phospholipid mg/100g filet, and

X = total lipid g/100g filew
The phospholipid content of the total lipid (fig. 1) de-
creased as the total extractable lipid increased, and this
inverse relationship was best expressed by the equation

Y = 9728 + 27.724 XL

where
¥ = phospholipid as percent of total lipid, and
X = 1onal lipid g/100g [ilet.

These data are useful for computing the faty-acid
content of fish lipids (Exler and Weihrauch, 1976).
They also reveal that lean [ish filets contain concentra-
tions of phospholipids that could be of significance in
the stability of filets, particularly since phospholipids



Table 8. Summary data showing proximale composition, phospholipid and sterol content of representative samples
of freshwater finfish filets

Fish species

Proximale composilion

Common Scientific Moisture Protemn Ash Lignd Phospholipnd ~ Steral  Triglyceride
g/ 100g filet wet weight

Bass, rock (Amblaplites rupestris) (3) 805 £ 0.8 17.8 £ 0.7 1.0£0.1 0.7 £0.2 019 0.050 0.46
Bass, white (Morone chrysops) (5) 743 £ 0.8 202 £ 1.6 1.2 £ 0.1 18+ 0.4 036 0.068 3.58
Bullhead, brown (Fetalurus nebulosws) (7) 785+ 2.1 18.6 + 0.5 1.1 £0.0 27+0.8 0. 64 0.075 1.99
Bubot (Lota lota) (6) 784+ 1.5 20.7 £ 1.7 1.1 +0.0 0.7 £ 0.0 0.36 0.085 0.26
Carp (Cyprinus carpio) (2) 78.4 - 1.1 2.0 - & =
Crappie, black (Pomoxis migromaculatus) (7)) 780 £ 0.5 8.8 £+ 0.3 1.1 £0.1 1.5+ 0.8 0.27 0.072 1.16
Drum, freshwater (Aplodinotus grunniens) (6) 774 £ 1.9 18.0 £ 0.8 1.2 £ 0.1 3217 0.26 0064 2.78
Perch, white (Morane americanus) (6) 775 % L5 19.8 £ 0.2 1.2 £ 0.1 254 1.2 0.30 0.080 1.92
Perch, yellow (Perca flavescens) (10) 79.1 £ 0.9 19.4 £ 0.1 1.1 0.1 0.8 +0.1 0.40 0,090 0.32
Pike, northem (Esox lucius) (1) 79.8 - - 0.7 - - -
Pike, walleye (Stizostedion vitreum) (7) 786 £ 0.7 19.5 £ 0.4 1.2 £ 0.1 1.1 0.3 0.43 0.086 0.59
Smelt, American {Osmerus mordax) (18) 7i8+13 185 £ 0.4 1.2 £ 0.1 22+04 0.87 0.070 L.16
Sucker, white (Catostomus commersonne) (5) 78.6 % 1.6 169+ 1.5 1.2+0.1 1.9 £ 0.2 047 0.063 1.57
Sunfish, pumpkinseed (Lepomis gibbosus) (B) 795 £ 0.6 19.4 £ 0.4 1.1 0.1 0.7 £ 0.2 0.22 0.067 0.42
Trout, brook (Salvelinus fontinalis) (8) 743117 21.5 £ 0.5 1.3£0.1 34112 0.61 0.068 .72
Trout, lake (Salvelinus namaycush) (4) 724+ 28 18.6 £ 0.4 1.1 0.1 72+ 26 - 0.051 -
Trout, rainbow (Salmo gairdneri) (6) 769 % 1.2 18.8 £ 0.5 1.3 +0.0 3.1+1.8 0.87 0.050 218

Phospholipid: % of total lipids

Figure 1.

2
Total lipid

A regression showing the inverse relationship between phospho-

lipid levels in total lipid and total lipid content of freshwater fish filets.

contain high levels of polyunsaturated fatty acids which
are very susceptible to oxidative deterioration.

There is little information concerning the sterol content
and composition of freshwater fish filets. Such informa-
tion is important for dietary purposes, for example, in
the use of fish as high-protein, low-fat, low-sterol, highly
unsaturated (fatty acid) dietary items. Thelevelsin filets

are relatively low (table 3) and from gas chromatographic
analyses, they were found to be preponderantly choles-
terol. Moreover, the concentration of cholesterol in
filets was reasonably constant, though the total lipid con-
tent varied markedly. The cholesterol concentration of
thetotal lipidsincreased exponentially aslipid content of
filets decreased (fig. 2), that is
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Figure 2.

A regression showing the relationship between cholesterol concen-

tration and total lipid content of freshwater fish filets.

i sy L

Y=-284 + 757 &
where

¥ = percent cholesterol in lipids, and

X = total lipid g/100g filet.
These data should be useful for medical personnel and
dieticians in formulating special diets for patients who
require a low-fat regimen.

Table 4. Examples of variations in size, sex, and lipid
content of filets of some freshwater fish species

Whole fish
Fish Weight Lipid comtent
Length Sex
£ cm g/ 100g filet
Perch, vellow 1 359 29.5 F 1.01
2 S5 276 M 1.07
3 244 25% M 1.29
i 241 24.4 M 110
Walleye 1 B22 424 F 1.2%
2 702 42.6 F 1.01
3 B4 41.1 M 1.10
4 557 50.4 F .80
5 3098 35.7 F 1.0%
3 330 32.5 F 0.97
Bullhead 1 hEl 352 M 2.32
2 219 26.6 F 221
Pike, northern | 1505 59.7 F L85
2 BE4 58.5 M 0.91

Several anayses (table 4) revealed that there was no
apparent correlation between size of fish, gender, and
lipid content. The data obtained showed no definite rela-
tionship between fatty-acid composition and sex or size
of a fish. However, carefully controlled experiments
with large numbers of fishes would be required to estab-
lish the validity of these limited data.

In seeking the best sampling procedures, it was ob-
served that lipid content and fatty-acid composition varied
significantly with the portion of filet analyzed (table 5).
Thus in lake trout, the ventral portions of the anterior
segments of the filets contained higher lipid levels. The
lipid content tended to decrease toward the tail section.
The fatty-acid composition of the various sections varied
slightly, with oleic acid (C18:l) tending to decrease,
and docosahexaenoic acid (C22:6) to increase toward
the posterior section. Because of this variation in lipid
distribution, the filets of al fish species were cut into
small portions (1 -2 cm?) before each andysis. These pieces
were mixed thoroughly and random samples were then
taken and analyzed as described in the Methods section.

The fatty-acid content of the total lipids increased
linearly as the lipid content of filets increased (fig. 3),
which was consistent with the increasing triglycerides
in these samples. This trend was discussed by Exler et al.
(1975).



Table 5. Lipid content and fatty-acid composition of lipids from
representative sections of lake trout filet*

Section of filet

Fatty acid

in bl o 2D 51 in 7 g g
14:0 4.1 1.6 1.3 4.5 53 3.4 3.8 L. 5.4
1600 15.5 14.9 15.8 16.0 12.7 15.0 15.0 16.0 16.9
16:1 7.8 6.8 B.O 6.8 7.9 7.0 7.8 7.9 7.2
18:0 3.6 4.0 39 37 33 50 4.0 4.4 3.7
18:1 24.7 276 24.6 4.1 23.6 29.5 233 282 220
18:2wé 19 B3 1.6 4.6 5.1 4.6 4.4 4.7 4.0
1B: 8wy 6.3 4.6 6.4 6.4 59 .0 6.3 59 58
18:4w3 2.8 1.5 1.8 27 52 20 52 25 21
M4} 4.0 3.2 4.1 4.1 4.1 4.0 17 3.7 4.4
Hedewd 2.7 2.0 2.8 2.7 25 25 23 25 1.8
20:5wd 5.4 4.6 5.4 5.4 53 5.3 19 50 59
22: 420 1.2 1.2 1.1 1.5 1.5 1.5 1.4 0.9 1.6
22: 5006 1.4 1.4 L3 L5 L5 1.4 1.5 1.3 L5
2258 54 35 5.3 35 3.5 3.0 33 29 38
L2Gws (LK1} 12.0 9.4 10.9 11.6 11.6 1.7 129 15.7
others§ 2.2 0.8 3.2 1.8 0.2 1.0 54 26 0.2
Lipid
mni.eE: (%) 15.7 T4 15.% 123 12.1 7.7 6.4 5.2 53

* Fish filets cut into 9 equal secltions, moving from head to tail and designated I through 9.
Some sections divided to veniral and dorsal lissues, designated as V' and D, respectively.

Hincludes [.5-2.0% C20:1.
IIncludes =<1% C22:1.

BIncludes all fatty acids with weight % below 1 %,

Fatty acids: g/100g fillet

o | L L L k
0 1 2 3 4 5 6

Lipid: (g/100g fillet )

Figure 3. Plot showing the close corvelation between
total fatty acid and lipid content of freshwater fish filets.

Palmitic, palmitoleic, oleic, eicosapentaenoic (C20:
5w3), and docosahexaenoic (C22:6w3%) were the
major component fatty acids in all species analyzed
(tables 9-26). Significant variations in distribution of
various fatry acids were observed within and between
species. The averaged data are shown in table 6, and the
relative concentration of the various groups of fatty acids
are summarized in table 7. The content of each fatty acid
per 100g edible [ilet is shown in table 8.

The saturated fatty acids were remarkably constant
in all species, at around 25 percent and palmitic was the
predominant saturated acid in all species examined.

The fatty-acid composition of the various species re-
vealed many interspecies differences (Summary table
6). Palmitic (C16:0), palmitoleic (C16:9), oleic (C18:1),
excosapentaenoic  (C20:5w3), and docosahexaenoic
(C22:6w3) were the most abundant fatty acids in all
species. There was no consistency in the predominance
of any one fatty acid. In rock bass, yvellow perch, and
northern pike, C22:6 was predominant; in white perch,
white bass, and drum C18:1; in white sucker, C16:1; and
in sunfish and burbot, Cl6:0 was predominant. Both
of these latter species had a high content of C20:4, The
filets of brook and rainbow trout generally contained
higher concentrations of 18 carbon polyunsaturated faty
acids, whereas the lake trout had high concentration of
Cla:1.



Table 6. Average fatty-acid composition of total lipids from filets of several species of freshwater fish*

Fish species Cl4:0 C16:0 Clé:lw? C18:0 Cl8: 1w ClBue i Cl8:5w3 Cl8:4wd
Bass, large-mouth (2) 2.6 1.6 a3 55 17.6 5.0 5.1 1.8
Bass, rock (1) 24103 1953 £ 0.6 90+ 1.3 4.6+ 0.4 178152 20+0.1 21401 -
Bass, white (5) 2.6+ 0.2 17.6 £ 0.8 11.4 £ 08 3.0+ 0.5 251+ 1.5 264 0.4 53+03 1.2+02
Bullhead, brown (7) 24 %02 185 % 1.6 1384 20 28107 257 % 4.1 441 1.5 544 1.4 -
Burbot (6) — 200 £ 0.8 38110 6.3 £ 0.6 159+ 0.6 1.1 0.2 ir -
Crappie, black () 311208 20.3 £ 09 11.3 £ 2.7 33+07 19.6 £ 5.1 312038 8.0£0.7 1.1 +0.5
Dirum, freshwater (6) 224+ 04 19.5 + 2.1 16.6 + 3.0 33205 264+ 59 31+ 1.0 25+ 2.0 -_
Perch, white (6) 27103 189+ 22 141 + 2.4 31106 2524 1.7 36205 35405 1.9 1+ 0.5
Perch, vellow (10} 2004 205112 79+1.8 47207 91x1.4 1.6+ 03 1.7 £ 0.6 1.3 £ 0.5
Pike, northern (2) 21 16.2 50 3B 12.7 4.0 30 _—
Pike, walleve (7) L7202 189 £ 1.0 941 1.7 33+04 18.8 + 3.0 25+ 04 1.3+ 0.2 -_—
Salmon (1) 2.9 10.7 5.0 3.6 24.5 5.2 5.3 L5
Smel (6) 4.6+ 0.2 13.8 £ 0.8 9.0+ 0.4 13201 175+ 1.2 16105 45402 1.7+02
Sucker, white (5) 2507 153 1.0 1B8+24 22+ 0.6 143+ 2.1 27109 23x06 1.9+ 03
Sunfish, pumpkinseed (8) 23107 188 £+ 1.3 79+ 25 53+07 152+ 3.0 29+ 0.6 1.9+ 0.8 —
Trout, brook (8) 37x02 179+ 1.2 11.2+24 40+ 0.4 212135 554 0.6 6.0 = 0.6 28+ 0.6
Trout, lake (4) j4x02 134 £ 09 9616 27104 200123 56105 29+ 0.4 1.1+0.5
Trout, rainbow (6) 35204 133 £ 0.5 48+ 09 38+ 04 18.7+£ 2.7 554 0.4 59+ 05 21104
Fish species C20: 1009 CH0:4w C20:4w 3 C20:5w6 C22:-4wh C22:5w6 C22:5uwy CEfaeh

Bass, large-mouth (2) 20 5.1 1.0 5.0 1.9 1.5 4.5 16.7
Bass, rock (3) - 84128 - 43+ 1.1 — 1.Bx 038 5600 2071+ 352
Bass, white (5) 1.7 43 %03 - 71205 — 1.1+0.1 L4+ 0.1 10.6 £ 0.8
Bullhead, brown (7) 1.1 4.9 = 0.9 — 72+19 — — 24+09 7012
Burbot (6) - 15.8+20 —_ 120 £ 1.5 110010 1.h+ 0.8 28+0.3 17.1 £ 27
Crappie, black (6) - 5.6+ L8 = 48+ 16 = 14403 46207 147%4.6
Drum, freshwater (6) 1.2 4 0.4 49129 - 51%14 - 1.1:09 22106 69+ 4.2
Perch, white (6) 1.1 £ 0.0 51+ 1.0 - 10.6 £ 0.9 — — 1.5+ 0.2 56215
Perch, vellow (107 - 17£1.1 —_ 1L5£ 09 1.2+ 0.4 1.7+ 0.4 25104 26.4 £ 2.0
Pike, northern (2) _ 7.5 — 6.1 1.1 1.3 LK | 30.7
Pike, walleye (7) — 5.6+ 1.3 — B2+ 0.8 _ 1.8+ 0.3 1.8+0.3 21.6 £ 2.7
Salmon (1) 1.0 5.3 2.3 45 22 2.3 5.0 17.0
Smelt (6) -— 35403 — 1353 £ 1.0 - IREEY Y — 25+ 1.8
Sucker, white (5) 1.2x02 43+ 04 —_ 10.3+28 — —_ 54208 149+ 1.3
Sunfish, pumpkinseed (8) 1.0+ 0.2 149+ 29 —_ 7.1+£19 1.4 £ 0.2 3005 33x05 137+ 25
Trout, brook (8) — 43204 1L.0+0.5 7.1+ 09 — - 1.6+ 0.2 93 +28
Trout, lake (4) 211203 38105 1.5£05 50 £0.7 —_ 18103 29102 13.4+1.2
Trout, rainbow (6) - 44103 28103 5.1 % 0.6 — 254+ 0.5 37x0.2 210+ 5.3
*Number of fish analyzed given in parentheses. Falty acids amounting to less than 1% not included.

Bucker contained 1.7% CI7:1; the C20:4 contaims less than 1% C22:].

Table 7. Relative concentrations of different groups of fatty acids in freshwater fish filets
Unsaturated species of fatty acids Families of fatty acids
Species SE:‘;::M Number of double bonds
1 2 ] 4 5 [ wi? ud w? w?
weight percent

Bass, large mouth (2) 23.7 29.0 5.0 3.1 73 10.0 16.7 3.6 1.5 03 19.6

Bass, rock (3) 26.5 26.8 2.0 21 8.4 9.7 20.7 30.7 12.2 0.0 17.8

Bass, white (5) 23.2 42.6 26 5 4.3 95 10.6 236 37 11.4 29.5

Bullhead (7) 23.7 50.6 4.4 5.4 5.0 9.6 7.0 220 9.3 15.8 6.8

Burot (6) 263 19.7 1.1 ir 16.9 163 17.1 28.0 195 3.8 16.0

Crappie (6) by i ) 309 31 5.0 6.7 10.8 14.7 8.2 10.1 11.3 19.6

Dirum (6) 25.0 44.2 31 25 5.0 83 7.0 16.7 9.1 16.6 27.6

Perch, white (6) 26.7 40.4 8.6 85 7.0 12.1 5.6 21.1 8.7 14.1 2.3

Perch, vellow (10} 27.0 17.0 1.6 1.7 10.2 14.7 26.4 43.5 11.0 79 9.1

Pike, northern (1) 221 18.6 4.0 5.0 8.6 10,9 0.7 42,9 12.8 6.0 12.7

Pike, walleve (7) 239 282 2.5 1.3 5.6 11.8 21.6 35.0 10.0 9.4 18.8

Salmon (1) 17.2 20.5 52 5% 13.3 11.5 17.0 35.6 15.0 5.0 25.5

Smelt (6) 19.8 26.5 36 4.5 52 14.4 05 42,0 az 9.0 17.5

Sucker (5) 21.2 351 27 23 6.2 18.7 15.0 32.8 7.0 18.8 15.5

Sunfish (3) 27.4 21.1 29 2.0 16.4 13.4 18.7 26.0 19.4 B.O 14.0

Trout, brook (8) 25,6 594 5.5 6.0 8.1 8.6 9.5 27.8 9.8 1.2 21.2

Trout, lake (4) 19.5 40.6 36 29 6.4 9.5 13.4 27.0 92 9.6 511

Trout, rainbow (6) 20.6 25.5 55 6.0 9.3 11.5 21.0 41.6 99 1.8 18.7

w - denotes position of first double bond from methyl end of the fatty acid.



Table 8. Concentration of individual fatty acids in fillets of several species of freshwalter fish
Fatty aceds
Rl oy C14:0 CI6:0 CI6:1 CI7:1 C18:0 CI8:1 CI18:2 C18:3 C18:4 €201 C20 C2%4 capis cazg €227 C223 rong Total
wh  wd wh wi
mg/ 100g fillet

Bass, rock 12 97 45 - @ 3 10 11 - - 42 - 29 9 18 104 500
Bass, white Bl 547 355 - 9% 918 A1 108 37 44 134 - 221 54 44 830 3110
Bullhead, brown 51 880 w01 - 50 542 63 114 - o 108 - 152 - Bl 148 2110
Barbat a 9% 18 - 076 5 = - 5 % - 58 7138 E2 480
Crappie, black 57 242 135 - 36 238 37 %% 13 - 67 - 57 17 55 175 1190
Drum, freshwater K8 H13 437 - 87 6 82 66 - 52 129 - 154 20 58 182 2630
Perch, white 42 291 217 15 48 %88 55 54 P9 17 ™M - 169 - 2% 55 1540
Perch, yellow 1 108 42 - 25 48 g 9 7 - 41 - 6l 9 15 140 53%0
Pike, walleye 13 147 7% - 26 147 20 10 - - 4 - 4 14 14 169 7ED
Smelt 70 211 158 18 20 268 55 69 26 - 54 - 204 17 - 344 1580
Sucker, white 59 937 PO 28 34 220 42 36 50 19 6T - 160 - 5% 23] 1550
Sunfish, pumpkinseed 11 90 48 - 25 6 14 fi - L 72 - 34 14 16 66 480
Trout, brook 100 482 301 - 108 570 148 161 75 - 116 27 191 - 4% 250 2690
Trout, lake 192 758 545 - 158 1641 204 164 62 119 215 85 a8 102 164 758 5660
Trout, rainbow 74 298 108 - 85 419 128 152 47 - 99 6% 114 56 A% 470 2240

Table9. Proximate, lipid, and fatty acid composition of
filets from samples of bass, rock (Ambloplites rupestris)

Table 10. Proximate, lipid, and fatty-acid composition
of filets from samples of bass, white {(Morone chrysops)

Fish No.

Weight (g)
Length {mm})
Filet weight (g}
Moisture (%)
Lipid (%)
Protein (%)
Ash (%)

Fatty acid (%)
14:00
16:0
16:1
18:0
18:1
18: 26
18: 303
18:413
20:0
20:1
2002
20:3
24w
4wl
Hi5wd
204w
22:5uw6
22:5u8
22-Fwd

Fauy acid (% of weal lipid)

Sterols (%)

J120 Fi21 Fr22
392 276 209
251 226 206

T4 B5 [i]]
B1.3 BD.5 9.7
0.5 0.7 0.9
17.3 17.6 18.6
1.1 1.0 1.0
2.26 2.51 275
18.99 20.01 18.89
2594 818 10.47
4.67 4.91 4,22
15.27 14.34 23.75
215 1.98 201
1.99 219 294
0.51 0.46 0.54
0.14 0.26 D.22
048 0.2% 019
- 0.23 -
11.43 7.95 5.84
0.53 .35 0.25
5.46 4.25 3.25
0.&1 .83 0.74
1.92 1.95 1.47
3.62 5.62 5.68
19.96 24.21 17.940
6.4 T0.6 728
10.6 5.9 6.0

Avg.

H0.5
0.7
17.8
1.1

100, 1'%

During biosynthesis of unsaturated acids, in vivo,
de-saturation occurs between the initial double bond
and the carboxyl group, and elongation also occurs at
the carboxyl end. Unsaturated fatty acids in fish can

be
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Fish no.

Weight (g)
Length {mm)
Filet weight (g)
Moisture (5)
Lipid {%)
Protein (%)
Ash (%)

Fauy acid (%)
14:0
16:0
16:1
18:0
18:1
18:2w6
18:3208
184108
20:0
20:1
20:2
20:3
2 Awh
204w 3
20: 5w 3
22:4wh
22:5wb
2258
226w 3
17:1
22:1

Fatty acid (%) of
Total lipid)

Sterols (%)

Fe6 F112 Fi13 Fiid4  Fii5
09 507 425 424
294 305 204 297
121 140 149 159
748 730 750 - 746
57 87 35 46 35
19.1 - 196 - 220
- - L - 12
25 229 268 276 2.86
179 1694 17.29 17.17 18.87
119 1022 1178 1221 1112
28 345 250 270 359
283 3155 2808 2892 5046
21 262 316 255 237
33 315 365 346 295
13 089 L16 137 148
0.4 028 034 026 030
1.7 - - = =
03 022 022 014 005
39 468 463 422 402
0.4 033 039 037 046
75 635 740 711 689
0.7 043 042 046 042
L1 124 122 L15 090
15 1338 136 136 125
105 1146 1079 1089 932
07 - - ’ =
05 - . s =
822 - 820 - 820
21 - 28 - 2.0

Avg,

715
38
20.2
1.2

9.5%

categorized into four families, according to the location
(denoted by omega — w) of the first double bond from
the methyl end of the hydrocarbon chain, that is, w7,



Table 11.  Proximate, lipid, and fatty-acid composition of fillets from samples of
bullhead, brown (Ictalurus nebulosus)
Fish no. &7 &8 &9 an af 922
Weight (g) 603 373 588 125 487 279 682
Length (mm) 817 273 520 208 317 250 340
Filet weight (g) 161 873 169 253 197 84 231 _ AvE
Moisture (%) Th.4 Th.8 a1.2 - 78.1 7.7 Bl.0 78.5
Lipid (%) 32 23 27 - 2.6 2.8 28 27
Prowein (%) E 18.3 - - 18.9 18.7 - 18.7
Ash (%) “ 1.1 = 2 1.1 1.1 - 1.1
Fauy acid (%) 101%
14:0 2.3 2.51 2.72 2.16 2.39 207 243
16:0 20.0 18.79 20.15 15.28 18.22 18.23 18.79
16:1 15.2 14.46 14.78 9.81 15.50 15.01 15.75
18:0 35 2.40 2.0 4.02 2.56 2.61 2.68
18:1 2.1 24.82 27.55 17.15 26.92 25.86 28.78
18: 2w 3.5 1.75 308 7.02 3.27 5.66 53.73
18:3wd 16 5.25 .09 6.37 314 6.08 4.66
18:4w3 0.5 0.51 0.44 0.29 1.02 0.35 0.74
20:0 0.5 - - - - - -
20:1 1.1 - - - - - -
20:2 0.1 033 - 083 - 0.59 0.18
20:5 0.1 019 - 0.59 - 0.32 0.2%
204w b 1.4 1.81 1.78 656 1.65 507 3.75
20:4u3 0.4 0.42 0.54 0.76 0.53 0.47 0.49
20:5u-3 5.4 B.38 6.22 10.83 7.50 7.02 5.54
22:4urh 04 047 [i%.]] .86 [i¥.1 .85 0.54
22:5wh 08 0.32 0.82 058 072 045 0.54
225l 1.8 2.56 1.79 4.26 2.36 234 1.88
bl T 6.1 648 842 B.82 7.57 b.54 6,48
Fatty acid (% of
total lipid) - 6.6 - - 75.2 82.0 -
Sterols (%) - 31 - - 26 32 -

palmitoleic; w9, oleic; w6, linoleic; and w3, linolenic,
respectively, The concentrations of fatty acids of these
families in freshwater fish vary, but usually fatty acids
of the w3 family, composed mostly of 20:5w3 and
C22:6wd (which are derived by elongation and de-
saturation of C18:3w3), are most abundant, with the
wd series usually ranking second in abundance. Com-
pared with marine species of [ish (Ackman, 1974),
freshwater fish usually contain higher levels of w6
series — the essential fatty acids. All species of [reshwater
fish {table 7) contained significant quantities of the wé
series, particularly CI8:2 and C20:4. The presence of
these and the other polyunsaturated acids emphasizes
the potential of freshwater fish for use in special low-fat
diets as postulated by Stansby (1973). The w3 [atty
acids, specifically C22:6, have been indirectly impli-
cated in the prevention of multiple sclerosis (Stansby,
1969).

With regard to groups of [atty acids (table 7), the
monoenoic acids were quite variable, ranging from 17
to 44 percent in the yellow perch and drum, respectively.
Oleic acid was the major monounsaturated fatty acid.
Dienoic and trienoic acids occurred at a low but consist-
ent concentration, each averaging around 3 percent of
total fauy acids. Freshwater finfish characteristically
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have more of these acids than marine species (Ackman,
1967b). The polyunsaturated fatty acids showed broad
variations. Tetraenoid species, consisting mostly of
arachidonic acid (C20:4), were highest in burbot, sun-
fish, and salmon. The concentration of pentaenoic acids
was reasonably constant around 9 to 10 percent except
burbot, perch, sunfish, and smelt. The hexaenoic acids,
exclusively C22:6, fluctuated widely from species to
species ranging from a low of 3.6 percent in white perch to
30.7 percent in northern pike. The levels of pentaenoic
and hexaenoic acids observed in this study greatly ex-
ceeded those observed by Ackman (1967b) for a limited
number of species.

The faty-acid composition of the [reshwater fish re-
ported here show marked differences in guantities of
polyunsaturated fatty acids, especially C22:6, compared
to various European species analyzed by Mangold
(1973).

Comparison of the [atty-acid composition (tables
9-26) with other published data is of limited value because
of the numerous factors which ecan alfect both lipid con-
tent and fatty-acid composition of fish, i.e. origin, age,
sex, diet, physiological state, season, geographical
source, portion analyzed, etc. (Kinsella et al., 1975
Exler et al, 1975 Ackman, 1967b, 1974; Siansby,



1969; Worthington and Lovell, 1973; Reiser et d., 1963).

Interspecies variation in fat content and composition
of freshwater fish has been summarized by Ackman
(1967), who reviewed the numerous studies showing
effects of location of catch, age, size, temperature, and
diet on these components. Worthington and Lovell
(1973) concluded that within cultured carp species
the observed variations in fatty acids attributable to
genotype were small but significant. The mgjor differ-
ences were attributed to dietary factors.

The apparent discrepancies between the present and
much of the published data on the same species may
be explained by the fact that our data pertain solely to
skinned filets rather than to whole fish or fish filets
with skin. Many fishes store triglycerides in the liver,
and several that store triglycerides in the muscle deposit

Table 12. Proximate, lipid, and fatiy-acid composilion
of filets from samples of burbat (Lota lota)

Fish no. F75  Ffe Fl23 Fl24 Fl125 Fl2s
Weight (g) 655  B42 513 735 482 238
Length (mm) 135 467 375 460 400 285 e
Filet weight(g) 144 156 186 128 98 58 o5
Moisture (%) 786 BO0G6 TAO 7B4 TRE TRY  TH4
Lipid (%) 0.7 0.7 07 0.7 0.7 0.7 0.7
Protein (%) - - 227 198 199 - 2.7
Ash (%) - - 1.1 1.1 1.1 - L1
100.9%

Fauy acid (%)

14:0 1.1 0E 070 061 094 068

16:0 212 203 2018 21.07 1912 1969

l6:1 5.8 48 397 344 562 305

18:0 .9 7.3 &1 617  5HBE 695

18:1 164 167 1560 1598 1664 1551

18: 206 1.1 e 099  L15 L4 D96

18: %03 1.0 0.7 076 070 105 090

18:4205 - - 019 003 032 024

200 0.4 04 019 005 023 0.8

20:1 0.4 03 - = - =

M2 - - - - - -

20:3 0.1 01 ols 007 01% 013

4wt 17.5 187 1860 1608 1552 1514

2043 - - - - ol 0.18

20:5w3 10.4 99 1155 10019 1321 1500

224wy 0.5 0.5 105 L.31 .12 077

22-5ur6 0.9 1.2 154 1.67 1.38  1.59

22:5ur3 23 26 240 2R9 508 284

226 150 138 1572 1820 1452 19.97
Fatty acid (% of ~ _ )

total lipid) 680 608 6L5

Sterols (%) - = 120 12% 117 -

12

it in a layer beneath the skin (Ackman, 1974; Stansby,
1973). Thus, differences in published data may also be
traced to the portion of the fish analyzed. In this study,
the filets analyzed contained low quantities of trigly-
cerides and relatively high proportions of phospholipids
(Kinsella et al., 1977). This may account to some extent
for the higher concentrations of polyenoic fatty acids
found, since phospholipids usually contain significantly
higher levels of unsaturated acids.

While knowledge of fatty-acid composition per se is
useful for comparative purposes, the actual quantities
of individual fatty acids must be known for nutritional
evaluation. These values are shown in table 8. These
data show that the relative concentration of dietary
essential fatty acids is adequate if fish filets are the sole
source of essential fatty acid in aparticular diet.

Table 13. Proximate, lipid, and fatty-acid composition
of fileis from samples of crappie, black

{Pomoxis nigromaculatus)

Fish no. F73 93 o a5 95 97
Weight (g) 9% 158 202 196 173 169
Length (mm) 222 199 227 216 187 195
Filet weight (g} 109 556  60.1 67 51 5y __AVE.
Maoisture (%) 784 T7B.5 77.9 1.3 776 TH2 TR0
Lipid (%) 1.8 1.5 1.5 29 .G [IR:] 1.5
Protein (%) - 19.0 18.9 - - 184 18.8
Ash (%) - L1 La = - 12 L
99.4%
Fatty acid (%)
14:0 ] 357 Tl 5.63 1.75 274
16:0 21,5 189% 1978 1990 2091 20.75
16:1 1.9 1277 129% 1409 657 980
18:0 4.3 2.67 2.78 2.96 5.96 354
18:1 270 1804 1847 2433 1317 1660
18:2uw6 30 %27 365 271 299 313
18: 30 51 4.24 43 334 271 511
18:4w3 0.6 1.72 1.66 1.57 0.73% 0.76
20:0 - - - - - =
201 L5 - - - = -3
20:2 - - - = - -
20:3 0.1 - - - - -
20:4wh 4.2 5.60 499 560 B30 .16
20:4wd 0.4 049 028 067 0.61 0.58
20:5u-3 25 517 488 3.79 7.0 5.52
L P 05 076 072 055 094 L2
B9 Bih 14 131 117 0% L76 166
22:5w3 3.5 479  4.66 4.14 5.56 4.69
206wl 98 1361 1334 1138 2203 IB.10
Fatty acid (% of =
(total lipid} - 744 754 808 - -
Sterols (%) - 52 4.9 - E 7.1




Conclusions

Overall, these data show that the fatty acids of fresh-
water fish are highly unsaturated, with a high concen-
tration of C20:5 and C22:6 fatty acids. Appreciable
interspecies variation occurs in the fatty acids of fresh-
water finfishes. Nevertheless, from a nutritional stand-
point, filets from these fish should be excellent for per-
sons on specid high-protein, low-calorie diets that should
have a relatively high, polyunsaturated fatty-acid con-
tent.

Table 14. Proximate, lipid, and fatty-acid composition
of filels from samples of drum, freshwater
{Aplodinotus grunniens)

Research Needs

The data indicate that filets of these fish may be very
susceptible to oxidative deterioration and off-flavor de-
velopment during storage. Further research is warranted
to develop methods to improve preservation techniques.

There is negligible information concerning the effects
of processing and cooking on fish lipids. This deficiency
is of concern because the preponderance of fish con-
sumed in the United States is in cooked or processed
form. Furthermore, data on the lipids and sterols in
processed fish products (fish sticks, fish portions, fish
dinners) are not available despite the fact that these
are common consumer items. Breading and deepfat fry-
ing of fish filets may significantly alter the fatty acid and
sterol content and composition of edible fish, and this
phenomenon needs to be studied in detail under different
cooking methods and conditions.

Table 15. Proximate, lipid, and fatty-acid composition
of filets from samples of perch, white
{Morone americanus)

Fish no. F53 F54 F55 o9 110 111
Weight (g) 170 1234 1371 721 616 641
Length (mm) 190 405 430 340 328 35
Filet weightjg) 57.5 870 508 244 147 222 V'
Moisture (%) 80.2 78.0 749 76.2 76.8 78.4 774
Lipid (%} 0.8 52 .l 36 28 2.4 5.1
Protein (%) - 17 - - 187 182 18.0
Ash (%) - 12 = - L1 12 12
099.7%
Fatty acid (%)
14:0 1.4 22 2.5 235 245 227
16:0 156 21.3 191 2083 2022 2056
16:1 106 175 182 1812 1807 17.08
18:0 4.0 29 27 %08 5.65 541
18:1 15.5 29.1 33.0 2801 26.76 26.20
18:2wb 25 20 26 315 4.71 5.66
18:3w3 1.8 1.7 2.2 448 636 5534
18:4wS - 0.5 0.8 068 0.72 0.65
200 0.2 0.2 0.4 0.25 032 054
201 1.7 1.0 1.0 - - -
20:2 0.7 0.2 0.3 - - 0.07
20:3 0.7 0.2 0.3 - - 0.20
20:4wb 10.8 4.5 55 5.87 527 375
Ardws 0.6 0.5 6 0.41 0.44 049
25wd 7.6 4.6 34 499 475 549
4w 1.9 1.0 0.7 0.74 050 073
22:5wh 29 0.9 L6 0.79 046 077
23:5w3 54 22 1.9 1.96 1.73% 206
226w 15.2 6.0 5.2 5.63 5.55 5.49
Fauy acid (% of N _ _
total lipid) 80.8 B4 B2
Sterals (%) - 23 - - 2.5 21

13

Fish no. Fit F72 Flis FII7 Filg8 Fi1i19
Weight (g) 264 245 338 238 187 357
Length (mm) 225 232 256 230 220 274 i
Filetweight(g) 78 71 17 72 66 128 &
Muoisture (%) 792 792 75 763 T8 76T 1.5
Lipid (%) 24 L7 51 20 L6 28 25
Protein (%) - 19.5 - - 2000 20.0 19.8
Ash (%) - 1.1 - - 1.2 1.5 1.2
101%
Fatty acid (%)
14:0 29 24 32 255 248 273
16:0 0.1 203 17.90 2025 1984 1474
16:1 13.4 11.4 1684 1326 1256 1732
18:0 3.5 s Z2 300 385 252
18:1 261 239 2824 25.15 2382 24.08
18: 2wy 16 39 399 291 318 408
18: 523 5.1 39 449 420 441 551
18:4w3 1.4 1.3 252 182 1.82 2.53
20:0 - - 047 044 0.51 0.46
i g 1.1 1.1 - - - -
20:2 - 0.2 - - - -
20:3 0.1 0.1 - - - -
20:4wh 5.1 62 340 49 576 513
204w 3 0.4 04 062 066 072 076
200 5 9.4 102 985 1133 110 1175
224w 0.2 0.4 - 040 041 0.44
22:5ub6 0.5 0.7 00 ohs 055 039
22: 5w 1.3 1.6 1.54 1.56 1.69 1.43
226w 3 34 5.2 1.03 39 476 3.00
Fatty acid (% of . ne
wtal lipid) - 5.8 - Th.6 - 768
Sterols (%) - 4.6 - 4.4 - 3.3
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Fish no. FI27 FI28 FI129 F130 Fi31 FI32
Weight (g)* 45.9 36.2 773 409 354 37.3
Length {mm) 185 179 208 185 162 181 A
Filet weight (g) 13.6 159 250 166 127 157 _'&
Moisture (%) TRT 769 - - - - T8
Lipid (%) 1.8 1.9 1.9 24 21 28 22
Protein (%) 18.0 18.5 - - - - 18.3
Ash (%) L2 Ll - ” " -1z
99, 4%

Fatty acid (%)

14:0 430 445 4.57 4.53 4.54 1.94
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16:1 8.67 B.61 B.94 9.05% 907 972
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total lipid) L

Sterols (%) 4.5 38 = = - -

*All data represent the average for three fish.

Fish no. Fi§ Fi3  F36  F49  F50
Weight (g) 1281 762 1596 834 1392
Length (mm) 450 437 492 410 50
Filet weight (g) 306 217 327 984 456 vE-
Moisiure (%) 76.5 B0.7 77.6 79.5 8.6 78.6
Lipid (%) 23 1.B 1.8 1.8 1.8 1.9
Protein (%) - 16.2 - 18.4 16.2 16.9
Ash (%) - 1.1 - 1.1 1.5 1.2
Fauy acid (%) 98 6%

14:0 g 34 29 2.0 1.9

16:0 139 154 14.8 15.8 16.5

16:1 213 15.5 20.8 18.7 17.8

18:0 1.4 23 20 26 28

18:1 12.5 17.2 12.4 15.9 15.7

18:2wh 5.0 3.8 22 2.5 24

18:5u:8 L6 32 21 22 25

184wl 1.8 1.4 25 1.8 20

20:0 0.7 0.5 (U] 0.5 0.4

20:1 0.6 1.4 1.5 L3 14

22 - 0.6 0.2 0.3 0.5

20:3 - 0.3 0.5 0.5 0.4

24w 2.5 4.0 4.0 4.7 6.3

2048 0.4 0.4 0.4 0.7 0.5

20:5uw3 14.53 6.8 i.4 99 9.2

H:Awh - 0.5 03 1.0 0.9

22-5wh - 1.2 0.6 0.9 L1

22:5uw3 5.1 34 54 39 32

22603 16.5 14.9 15.6 13.2 14.1

17:1 2.4 0.8 1.4 1.0 1.1

21 0.7 1.5 0.5 0.3 0.4
Fatty acid {% of »

total lipid) - B2.2 - Bl.1 1.0

Sterols (%) - 2.7 - 35 3.7
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Table 20. Proximate, lipid, and fatty-acid composition of filets from samples of sunfish,
pumphinseed (Lepomis gibbosus)

Fish nao. F&2 F&3 F&8 Fg9 F7o Fo8 F99 Fipg
Weight (g) 170 24) 297 195 272 208 269 225
Length (mm) 185 207 205 192 240 212 2m 212 K
Filet weight (g) 35 69 61 i 59 39 58 385 “'
Moisture (%) 70.5 79.3 69.4 79.0 79.1 79.3 79.4 BO.B T9.5
Lipid (%) 0.7 1.1 0.6 0.7 0.7 0.6 0.4 0.5 T
Protein (%) - - 18.9 19.6 19.6 - - - 19.4
Ash (%) - - 1.1 1.0 1.1 - - = 1.1
Fauy acid {%) 100.7%

14:0 1.5 31 34 23 29 1.56 1.93 1.71

16:0 17.9 17.0 21.1 19.7 19.4 18.50 18.80 17.85

161 5.1 129 9.1 7.9 9.5 597 6.30 6.57

18:0 5.8 42 4.7 6.3 53 519 5.55 5.05

18:1 1L5 18.3 14.4 12.7 16.8 9.55 11.64 10.99

18:2wh 2.5 5.2 2.6 22 38 2.48 2.9 3.59

18:30:3 1.5 28 19 1.5 2.7 0.48 1.63 247

18:4w3 0.5 0.5 - - - 0.36 0.36 0.52

20:0 0.3 0.2 - - - - - -

20:1 0.9 1.4 1.0 0.9 0.9 - - -

20:2 0.7 0.5 0.9 0.5 0.3 0.56 0.54 .56

20:3 0.5 0.3 0.5 0.2 0.5 0.62 0.44 0.72

20:4uw6 16.3 9.2 16.0 15.8 1.9 17.84 16.00 16.33

0w 0.5 0.6 - - 0.2 0.39 0.29 0.38

20:5w3 7.1 5.0 5.1 7.7 59 9.42 7.91 B.33

22:4wh 1.6 1.2 L5 1.3 09 1.58 1.47 1.47

22:5wh 1.7 25 37 28 25 m 313 2649

22:5w3 35 37 26 38 28 364 2.81 519

22:6w3 17.2 11.8 10.0 12.8 11.8 16.14 15.57 14.28
Fauy acid (% of

woeal lipid) 5.8 - = - R . 8.1 718

Sterols (%) . - - - - 121 11.6 12,0
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Table 21. Proximate, lipid, and fatty-acid composition of filels from samples of trout, brook
{Salvelinus fontinalis)

Fish no. 0 102 103 104 105 14 107 108
Weight (g) (eviscerawed) 119 h& 172 152 121 95 9 79
Length (mm) 217 205 245 275 222 206 193 150 A
Filet weight (g) 02 425 105 101 75 54 378 s
Moisture (%) 72,16 76.7 72.6 75.75 732 738 74.1 6.4 74.3
Lipid {%) 52 26 42 2.0 4.0 4.1 29 21 5.4
Protein (%) - - 21.7 - 2009 21.8 - - 21.5
Ash (%) - - 1.4 = 1.3 1.5 - = 1.3
Fatty acid (%) 100.4%

14:0 .61 .80 4.08 3.54 852 5.43 3.56 4.056

160 17.19 16.31 18.14 20.59 17.97 18.04 17.63 17.64

16:1 15.89 9.649 13.45 B.64 11.90 15.89 10.35 7.92

18:0 387 3.81 348 4.61 4.40 585 4.27 8.95

18:1 24,749 19.28 2208 18.10 24.58 24.63 21.10 15.30

1B:2wh 542 5.68 5.40 6.17 511 4.94 4.82 6.34

18:5w3 6.12 6.85 5.87 5.19 562 546 6.18 6.52

18:41w3 253 5.66 2.88 1.98 2.37 2.6 2.86 3.58

20:0 0.29 028 0.47 0.29 0.18 0.22 0.1s -

208 0.23 0.17 0.39 0.21 0.15 0.34 0.16 0.34

204 4.00 4.35 1.90 4.8% 4.26 393 4.51 4.68

20043 0.97 1.40 1.0% 0.42 0,98 .06 1.12 1.41

20:5w3 6.21 812 .38 7.40 £, 6 5.95 7.78 B.16

22406 0.25 0.20 0.22 - 018 0.23 0.14 0.42

225w 0.30 0.35 0.48 0.54 0.53 0.51 .65 0.77

22:5w3 1.24 1.65 1.58 1.87 1.54 1.47 1.77 1.68

2263 6.57 10,88 7.58 15.95 7.04 7.22 9.45 12,22
Fauty acid (% of

eotal lipid) 2 = 81.0 = Bl.4 75.8 , &

Sterols (%) - - 20 - 1.8 20 - -

Received for publication August 31, 1977
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Table 22.  Proximate, lipid, and fatty-acid composition
of filets from samples of trout, lake
{Salvelinus namaycush)

Fish no. F57 F58 Fig Fa0
Weight (g) 1617 2663 2281 2845
Length (mm) 555 T 620 660 A
Filet weight (g) 595 1181 795 1153 i
Moisture (%) 734 7.5 75.6 69.0 724
Lipid (%) fi.4 1.9 5.1 6.2 7.2
Protein (%) 18.5 - 19.1 18.3 18.6
Ash (%) 1.2 - 1.1 1.1 1.1
Fauy acid (%) 99.5%

14:0 3.6 35 33 33

16:0 15.8 12.4 144 15.1

16:1 B.4 9.0 g1 12.0

18:0 51 2.6 29 21

18:1 26.3 28.8 28.9 51.8

18:2wh 3.7 42 84 31

18: 33 31 54 2.6 2.6

18: 43 1.3 13 08 B

20:0 0.4 0.4 0.3 0.2

2001 2.0 22 23 1.7

20:2 0.4 0.5 0.5 0.4

20:5 0.4 0.4 0.4 0.3

20:4urb i8 3.8 44 5.2

20:4203 1.7 1.7 14 1.1

20:5w3 4.8 4.5 4.5 6.0

22:4u:b 0.9 0.9 0.9 0.5

22:hurk 1.B 2.0 1.9 1.4

22:5urd 2.7 32 29 29

2263 15.1 129 15.4 12.4

i) | 0.6 0.7 0.6 0.4
Fatry acid (% of

total lipid) 79.8 - 75.2 RO.H

Sterols (%) 0.8 - 0.9 0.9

Table 24. Proximate, lipid, and fatty-acid
composition of filets from samples of carp
(Cyprinus carpio)

Fish no, F{8 Fi&
Weight (g) 177 19498
Length (mm) 210 465
Filet weight (g) 56 5g5
Moisture (%) BOLG 76.2
Lipid (%) 1.0 2.6
Fauty acid (%)
14:0 1.5 23
16:0 17.6 18.0
16:1 98 14.7
18:00 3.8 34
18:1 14.3 26.4
18: 2w 419 5.0
18: 3w 2.7 55
18: 418 - 0ng
20:0 - 0.4
201 1.6 32
20:2 0.6 0.6
20:8 0.6 0.5
20:4urh 7.9 45
204w 0.9 0.7
205w 10.4 5.0
22:4wh 0.9 1.0
22:5wh 0.9 0.7
22:5w3 4.7 1.3
22-Geer3 18.5 2.7
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Table 23.  Proximate, lipid, and fatty-acid composition
of filets from samples of trout, rainbow (Salmo gairdneri)

Fish no. 133 134 135 136 137 138
Weight (g) 798 703 435 42 303 312
Length (mm) 432 410 305 365 320 320
Filet weight (g} 324 334 189 216 130 148
Muoisture (%) 764 755 782 - TB1 763
Lipid (%) 5.4 55 2.7 28 1.7 2.6
Protein (%) 18.6 19.4 185 - - -
Ash (%) - - - 1.3 1.3 1.3
Fauty acid (%)
14:0 3.96 377 298 349 293 3.68
16:0 15.06 14.28 15.38 12.8% 1308 1337
16:1 570 5.57 4.51 4.4 3x 4.58
18:0 4.10 580 4.3 530 8.70 3.56
18:1 2210 1969 1B.65 2024 1428 17.15
18:2whi 610 535 556 570 498 513
18:3uw8 670 598 564 633 520 577
18:4u3 2.55 2.03 1.61 222 1.70 235
20:0 0.29 017 - 008 010 -
20:1 - - - N .5 o
20:2 - - - - - -
203 .63 - 0.29 05 019 022
204wk 452 402 438 420 482 455
20:4w3 338 279 358 248 272 270
20:5w3 4185 4.93 4.4 575 5.21 5.62
224wk 1.27 41 1.29  0.59 093 0.64
22:5wh 211 206 285 2.02 3,50 2.69
22:5w3 369 3.64 378 539 4.08 3.56
22:6u3 1276 1831 2265 2098 28535 25.03
Fatty acid (% of
total lipid) - - - Tl 754 0.0
Sterols (%) - - - 1.7 2.8 23

Avg.

6.9
31
18.8
1.5

100.2%

Table 25. Proximate, lipid, and fatty-acid
compaosition of filets from samples of pike,
northern (Esox Lucius)

Fish no.

Weight (g)
Length (mm)
Filet weight (g)
Moisture (%)
Lipid (%)
Fatty acid (%)

14:0

15:1

16:0

16:1

18:00

18:1

18:2wé

18:3w3

18:4w3

20:0

20:1

20:2

20:3

20:4wh

20:4ud

20:5uw8

4w

22:5wh

225w

22:6w3

F5l

a78
530
321
79.8
07
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