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Research determines fatty acid
composition of 32 commonly eaten
finfish, crustaceans, and mollusks.

Chemical and Nutritive Values of Several
Fresh and Canned Finfish, Crustaceans,
and Mollusks. Part Il. Fatty Acid Composition

JAMES C. BONNET, VIRGINIA D. SIDWELL,

and ELIZABETH G. ZOOK

This paper presents data on total far and farty acid composition of 32 com-

ABSTRACT

monly caten finfish, crustaceans, and mollusks
finfish, salmon, tuna in oil and tuna
INTRODUCTION

Although there have been a number
of studies carried out on the fatty acids
in fish, very little has been done on the
edible flesh of common market fish in
the United States. Ackman (1967) has
reported on some species of both fresh-
water and marine fish of North Amer-
ica: Krzeczkowski. Tenney, and Hayes
(1972) have reported on some of the
mollusks: and Stansby and Hall (1967)
have also done some work in the area
of commercially important fish in the
United States. Much of the other fatty
acid data available at present covers
fish components which are not edible
portions—Iliver, roe, milt, etc.

The object of this study was to pro-
vide total fat and the fatty acid compo-
sition of commonly marketed finfish,
both fresh and canned. crustaceans.
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Among these are twe canned

in brine; the other samples were raw

and mollusks. Since this report 1s an in-
terim report for fatty acids, the values
for some of the fatty acids may change
somewhat as more data are added to
the compilation.

ANALYTICAL PROCEDURE
Samples

The sampling technique i1s described
by Zook et al!

Total Fat

The total fat was determined on
edible muscle by the method developed
by Smith, Ambrose, and Knobl
(1964).

Preparation of Esters

Methyl esters were prepared using
the method of Gauglitz and Lehman
(1963). Amounts of reactants were
scaled down for use with smaller
sample size, about 0.5 gram. The esters
were separated and identified using

! Zook, E., J. Powell, B. Hackley, J. Emerson, J.
Brooker, and G. M. Knobl, Jr. Survey for selected

heavy metal content of consumer available fish.
In preparation.

Table 1. —Common and scientific names of the
fish and shellfish used in this study.

Common name Scientific name

Fintish
Cattigh Ictalurus punctatus
Cod Gadus morhua
Flounder. yellow!iail Limanda lerriginea
Haddock Meianogrammus
aeglefinus
Hake Maoriuccius productus
Halibut Hippogl iep
Paerch Sebastes marinus
Pollock Pollachius virens
Rocktish Sebastes spp
Snapper Lutjanus campechanus
Whiting Merluccius Dilinearis
Canned
Salmon Oncorbynchus nerka
Tuna Thunnus albacares
Crustaceans
Blue crab Callinectes sapidus
King crab Paralithodes camschalica

Lobster. spiny
Shrimp, brown
Shrimp_ Maine
Shrimp, Maexican
Shrimp. white

Panulirus argus
Penasus aztecus
Pandaius Dorealis
Mized species
Penaeus seliferus

Mollusks

Clam_ hard Mercenaria mercenaria
Clam_soft Mya arenaria

Clam_ surl Spisuia solidissima
Oyster Crassosirea virginica
Scallop. bay Pecten sp

Scallop. calico
Scallop, sea

Argopecten gibbus
Placopecten magellanicus

Gelman's® ITLC silica gel chromatog-
raphy media and ultraviolet light,
then extracted from the media with
petroleum ether. The petroleum ether
was removed by vacuum distillation
and the esters were analyzed by GLC.

Chromatographic Conditions

The Hewlett-Packard 810 GC used
was equipped with dual flame ioniza-
tion detectors and an 8 fi X 4 in
pyrex column packed with 5 percent
diethylene-glycol succinate on g
mesh Chromosorb W (HP).

The helium carrier gas flow rate was
60 ml/min; hydrogen flow rate. 45
mi/min: air flow rate, 300 ml/min;
column temperature programmed from
140°C to 210°C at |7 per minute:
detector temperature. 235°C: and in-
jection temperature 285°C.

RESULTS AND DISCUSSIONS

Table | lists the common and scien-
tific names of the finfish, fresh and
canned. mollusks and crustaceans.

All 13 species of the fresh finfish

2 Reference to trade names does not imply en-
dorsement by the National Marine Fisheries Ser-
vice. NOAA,



all into the low fat classification, rang-
from the low of 0.35 percent in the
cod to a high of 4.86 percent
“in the halibut. The tna. canned in
vegetable oil. contained the highest
level of total fat. The one canned in
brine was markedly lower. The canned
salmon was the only finfish that falls
in the category of high fat fish. The
mollusks and crustaceans have low
total fat contents. The total fat content
levels found in Table 2 contain not
only the fatty acids. but also sterods,
phospholipids. tnglycerides, and many
other fat-like substances.

The fatty acid composition of the
fintish s tabulated in Table 3. The
range for each fatty acid is quite wide.
The differences are due primarily to
the physiological status of the fish. The
diet and the age of the fish are also
contributing factors. The data pre-
sented in Table 3 may be used to com-
pare the composition of the various
fish. but not to determine the actual

Jamount of a certain fatty acid. since
the composition of the total fat was
‘not determined.

The percent of unsaturated fatty
acids ranges from a low of 58 percent
in wild catfish to a high of 81 percent
in ocean perch. There is a significant
difference between the cultured and
wild catfish, probably caused by the
differences in the diets of the fish.

As may be noted in Table 4. the
tuna canned 1n oil contained more un-
saturated fats than the one in brine.
88 percent and 79 percent respectively.
which may have been due to the vege-
table oil that was used in the process-
ng.

On these limited data recorded in
Table 5. there appears 1o be very little
difference in the fatty acid composi-
tion of the different crustaceans. The
saturated fatty acids ranged from a
low of 15 percent in Maine shnmp 10

Table 2.—-Total I8! comtent of Bnleh. fresh and Canned  Cresiecesns
and moliuses
Mean A sandaa St o
arroe of mean g ge L]
Poccont of sampin
Finfish
Cattigh cultured 14820 12 W
Cattiah, wiia 180202 1128 4
Cod. Icelandic 0672008 03 O w
Cod. domestic 08s=008 0a-om .
Flounder. yellowtail 120=007 09— 132 W
Haddock 088000 042017 '
Hake Pacitic 1482019 o2 L ]
Halibut 2332028 136408 "
Perch. ocean 1872008 o273 2
Pollock 1032004 091 1) .
Rocktish 1382012 ore-2mw "
Snapper. red 11920 %2 08r—-2% "
Whiting 31802049 22848 )
Canned ftinfish
Salmon 6732028 60872 4
Tuna (in oil) 14492085 12281572 L3
Tuna (in brine) 13800 091 ’
Crustaceans
Crab, blue 188008 133247 14
Crab, wung
body meat 1272008 09e- 140 L)
leg meat 1732018 127203 L
Lobster, spiny 120=003 103132 “
Shrimp, brown. Texas 1192001 108 124 ’
Shrimp. Maing 1322008 108180 .
Shrimp, Meaxican 107000 080 ' 2¢ AL
Shrimp. white, Guit 118002 100108 20
Shrimp. white. So_ Al 222003 10810
Mollusks
Clam_ hard 038=002 024 047 a
Clam, soft 282032 100303
Ciam, surt C88 =008 04100 ’
Oyster, Long Islang 193201 16— 254
Oyster. Chesapeake 1547=008 13018
Scallop. bay 084=002 078090 ’
Scaliop. calico 09 =002 083 o L]
Scallop. sea 1082002 0 (M) L

a high of 27.5 percent in the coastal
white shrimp.

In Table 6 it may be observed that
the mollusks tended to be a little high-
er in saturated fatty acids. 175 percent
in sca scallops and 41.5 percent in
Long Island oysters. than the crusta-
ceans. Also the oysters and
showed a higher percentage of non-
identifiable  fatty  acds  than  the
scallops.

clams

SUMMARY

This paper presents the total fat and
fatty acid composation of finfish, fresh
and canned, crustaceans and mollusks
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Table 3.—Fatty acid composition of raw finfish.

Acid: No Cod, Haddock
double Catfish, Catfish Cod, inshore Flounder, inshore Hake Perch, Pol- Snapper,
bonds cultured wild Icelandic (domestic) yellowtail (domestic) Pacific Halibut ocean lock Rockfish red Whiting

Percen! total fatty acids

14:0 1133 = 0,23 13.04 = 0.40 12.00 + 0.74 1260 =+ 1.83 15.14 =+ 095 !'1.78 = 0.71 !3.67 = 123 12.83 £ 0.16 '442 * 0.38 *0.73 1.91 + 042 3.06+ 065 497 =+ 0.69
20,75 — 3.02 22.03 — 3.84 20.83 — 551 20.43 — 11,72 23.47 — 9.44 20.75 — 5.19 22,15 — 6.20 21.85 — 3.89 22.06 — 6.56 0fe4s— =631 H1L01i="10:547 323 =_NE1Z8
15:0 062+ 009 103+ 026 063+ 019 069+ 045 082+ 0.18 051+ 0.14 027 = 0.11 + 0.02 034 = 0.02 *0.23 023 = 0.08 0.71 = 0.160 0.55 =+ 0,04
041 — 1.19 0:83— 1.63 032 - 150 013 — 291 0.82— 1.38 0.27 — 1.13, 0.07 — 0.45 — 048 020 — 044 0.16 — 049 028 — 276 046 — 068
16:0 1051 = 079 2077 + 3.66 14.86 + 2.26 16.85 = 2.80 16.22 = 1.97 17.13 = 291 13.056 £+ 053 1028 + 0.76 843 £ 044 SN2 11:67 % 1,25 14:29 £ 1.20° 16104 = 178
6.28 — 13.81 10.45 — 26.65 9.00 — 24.00 12.35 — 30.24 10.46 — 22,18 7.48 — 26.50 12.09 — 13.91 6.50 — 19.14 5.76 — 10.71 8.15 + 2466 B8.38 — 19.66 9.53 — 18.93
17:0 123+ 010 148+ 015 112+ 009 1.10+ 070 204+ 027 138+ 029 078+ 008 083+ 006 054 =% 0.05 *0.70 1.23 £ 0.18 1.44 &= 0.18 0:53:%= 0.04
0iB3F="11 1.17 — 1.89° 0,82 — 1,35 0.28 — 459 121 — 3.15 0.79 — 2:66' 067 — 0.93 0.34 — 1.08 036:— 1.02 0.54 — 220 079 — 3.36 042 — 0.65
18:0 543 + 051 430+ 105 1094 + 260 731+ 168 736+ 096 684+ 143 237+ 027 241+ 033 232* 009 *5.67 3.66 + 051 7.56=* 081 261 * 0.65
3.15 — 7.200 2.19 — 7.16 6.58 — 23,83 5.00 — 15.65 4.52 — 10.61 2.72 — 11.09 1.84 — 275 1,37 — 573 1.90 — 8.36 2.00 — 867 328 — 1220 1.07 — 4.40
19:00 0.33 = 0.08 — 011+ 0.11 020 005 079+ 0.18 043+ 0.15 150+ 040 054+ 006 028+ 0.07 *0.29 054 + 0.07 025=* 007 064 = 0.11
0.00 — 0.78 — 0.00 — 064 000—- 034 031 — 138 000— 084 085 — 222 000—- 082 0.00-— 091 025 — 092 0.00— 064 041 — 0
20:0 0.19 = 0.10 2.86 = 1.01 — — 056 + 021 014+ 009 105+ 006 032 0.08 034 = 0.08 *0.40 0.20 = 0.060 0.23 + 0.64 = 0.27
0.00 — 069 0.00— 4.49 - — 0.00 — 138 0.00— 044 095 — 1.15 0.00— 0.86 000 — 0.78 0.00 — 043 0.00 — 0.00 — 1.29
24:0 026 =+ 0.177 020+ 020 084 = 084 — 027 £ 027 005+ 005 035+ 035 080 0.17 0.03 = 0.03 — 023 = 0.16 — _
0.00 — 121 000— 080 000 — 5.04 — 0.00 — 164 0.00— 032 000-— 105 000-— 188 0.00— 049 0:00'— 1.58 —_ =
14:1 020 + 0.05 0.81* 0.17 052+ 027 008+ 002 038+ 009 025+ 0.10 + 004 016 002 024 = 0.00 *0.12 009 = 0.01 021 % 0.05 23 = 0.04
006" = 052805280129 " H0;20/=" 113350100 = =0:168=0:095="0.86 "0.06 — 0 — 1 0:268 008 =" 0355 10171 =045 006 — 0.17 004 — 075 0.11 — 0.33
15:1 0.18 + 0.03 064 =+ 0.14 046 + 021 015+ 002 035=* 005 033+ 0.19 0.10* 002 0.18 = 0.03 0.16 = 0.01 *0.10 0.13+ 002 0.18+ 003 0.17 = 0.03
0l08'— 0.39 .0.28"—"0:88 10:14 = 1450  0i09'— 023" 0,15 — 0.51 0.00.— 1:261 007 — 0.14 = 0i09'— [0.44 0.11 = 0:28 0.06 — 023 003 — 044 0.12 - 026
16:1 446 + 048 7.38 + 1.83 385 % 1.18 2.99+ 130 759 * 084 327+ 064 6.97 = 1.19 8.05x 0.33 563 = 0.91 =159 560+ 057 551 % 052 861=* 034
3225 =N6:53/8 230531056 1285 = 1,19 = 9:44. " 491 — 9.66] 1.72 — 576/ 5:49/— ©9:33 5125/ —10/06 2.96 — 14.79 31268 —"10.672/028=" 78| N7 718 =280 38
ifrn 0.09 = 0.09 026+ 026 030+ 021 035+ 008 081+ 008 023+ 0.18 057 =+ 057 046 = 009 041 = 0.07 *0.29 028+ 0.08 045+ 0.12 054 = 022
0:005=S8085" .00 ==A=1:0600i00'=" 1,198 0100/ = "0i555 0:64 — .11  0.00 — « 1.09" {000 — 1,71 10:00:—"40.86" 0:00°—= 0:88 0.00 — 0.7) 0.00/— 1.35 0.00/— 0:83
18:1w9 12,631zt 2,23 22145 == 6.37" 13.20'%= 1.68 14.18:% 253 11.11 = 1.08 13.22 = 4.31 12.22 = 1.58 17.49'= 1.00 13.15 %= 049 *8.88 1591+ 137 15.12 £ 0.88 16.79 £ 235
6.79 — 28.90 '3.58 — 31.64 952 — 1917 3.62 — 31.64 7.85 — 15.34 9.87 — 25.99 10.50 — 15.38 11.13 — 27.69 9.04 — 15.26 9.04 — 26.14 9.87 — 23.96 10.41 — 22.55
20:1 1230/ 037" 1.14'x 0.67° 481+ 1,39 3.13'x 093, 2,70+ 034 1.74 £ 0.38 1.94 = 0:39 6.06/= 1133 7.00*= 1.37 *2.96 162+ 0.30 1.89* 027 337 072
0.00 — 3.23 0.00— 255 0.00— 10.35 0.00— 5.79 162 — 347 068 — 3.04 1.24— 257 0.00— 18.29 0.00 — 14.92 0.00 — 3.79° 0.57 — 3.49 1.66— 4.99
22:1 0.04 = 0.03 — — 009 =+ 0.09 0.08 = 0.08 — — — 0.16 £ 0.11 *1.33 035 + 0.13 — 045 = 027
0.00 — 0.18 — - 0,00 — 052 0.00— 049 — — 000 — 145 0.00 — 1.16 —_ 0.00 — 1.13
18:2w9 225+ 0:83 5.54 £ "1.80 226 1,02 077 =% 0:19 046 = 024 123 + 040 1.64 = 0,07 1.12 £ 007 1.23 £ 0.11 *0.94 1,40 0,11 1526205181 V174 =180:06
0.00'— '6.62: 1.89 — 7.80 0.00 — 6.6! /00— 182" S0{00 =" 1441 50.001 =298 L5 = 1i748 0768/— 149000 =4 2114 0:817'= 1.88° 0:391—" 250" 1618 ="1.99
18:2w6 054 + 0.14 027 % 27 024 + 016 024 =+ 005 054+ 012 062+ 027 044 = 008 046 + 004 035+ 0.08 *0.21 033+ 0.07 039+ 005 039+ 0.06
0i008="1.23 880 00=="107" 2000 — 01874 §0100; == (0:38" 0,00 == 1:29"10:00: —» 1183 /0:81/— 058 10:28"— 0:820(00"=""1.47 0.00 — 0.81 0.00— 0.77 030— 059
20:2w9 033+ 017 027+ 027 0.14+ 009 015+ 0.08 092+ 027 018+ 009 038+ 0.19 033+ 005 020+ 0.04 *0.48 0.17 = 004 044 + 008 032 0.16
000 — 1.10 0.00— 1.08 0.00—- 053 000—- 039 057 — 145 000— 046 000 — 057 000— 066 000— 0.40 0.00 0:38 0.00 — 1.05 0.00— 0.85
20:2w6 0.67 = 0.17 —_ — 026 + 0.10 064 = 0.06 0.07 =+ 007 022+ 011 0.16 + 004 013 = 0.05 *0.85 007 = 004 012+ 005 009 006
0,00 — 1.31 — — 000 — 058 045 — 082 0.00-— 043 000— 036 000-— 050 0.00— 0.65 0.00 — 030 000— 045 0.00— 025
18:3w3 116 = 0,44 =10:57%= 00,31 20.72 = 0,72 — 0:90/ & 0i41 0.52 £ (037 219 1:35 345 1:14 529/ 1.56 — 1.12 = 0:35 0.42'% 0.25( 1387 = 12.02
0.00 — 337 0.00— 124 0.00— 432 —_ 0.00 — 2,08 0.00— 2.23 000— 5.18 0.00— 9.95 0.00 — 13.42 0.00 — 3.67 0.00— 2.66 0.00— 8.86
20:3w9 024 + 008 019+ 019 008+ 005 0.18+ 008 034+ 008 001+ 005 033+ 0.06 014 + 003 007 = 0.02 *0.21 010+ 0.03 030+ 0.05 0.11=* 005
0.00 — 059 0.00— 077 0.00— 031 000— 044 0.00— 055 000— 024 023 — 043 000— 028 000-— 025 0.00 — 021 0.00— 076 0.00- 020
20:3w6 0.06 = 0.04 —_ 0.07 = 007 006+ 004 007 = 0.04 004 + 004 — 119 = 039 0.06 =+ 0.04 — 108+ 061 008+ 0.03 028 % 0.17
0.00 — 0.26 — 0.00 — 0.44 0.00— 021 0.00— 025 000— 023 — 0.00 — 427 0.00 — 0.44 0.00 — 6.00 0.00— 033 0.00- 072
20:46 & 568 £ 021 229+ 075 604 = 159 410+ 097 293+ 059 325+ 047 1.89+ 043 642 + 047 14.95 + 2.15 *2.33 239+ 040 383 034 7.7 % 1.94
20:3w3 447 — 641 105 — 429 238 — 11.07 000— 6.71 066 — 501 168 — 461 132— 2,73 3.22 — 9.84 0.93 — 29.78 040 — -4.72 152 — 7,49 1.88—11.80
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Table 3.—Fatty acid composition of raw finfish, continued.

Acid: No. Cod, Haddock,
double Catfish, Cod inshore Flounder, inshore Hake, Perch, Snapper,
bonds cultured Icelandic (domestic) yellowtail (domestic) Pacific Halibut ocean Rockfish red Whiting
Percent total fatty acids
18:4w3 036 = 0.03 4.02 =+ 10146 %017 1.70 + 063 048+ 0.16 157 £ 089 189+ 061 173+ 0.66 + 075 083+ 027 0.70
0:27°= 1053 0:00 — 2.74 0.00 0.91 — 480 000-— 1.14 0.00— 3.09 041 — 652 031 — 867 — 762 0:27°— 4130 4.31
20:4w3 092 = 0.15 0.19 + 048 052 1,62 £ 10,35 1.89 =+ 10.65/ " 1:45 = 0:28 = 0.79'=% 0.13"" 3:83 " 177 =+ 027  0.82 + “0.09 + 0.23
0.46 — 1.72 00 272 0.00 0:85'= ¢3:21  0:48 — 4:80" "0:95/= 1:91 0.00/=" 1.658 0:00 =817:3; = 273 '0:26i— 1:44 — ]
22:4w6 122 == 0107 365 = 0155 1 59 = 024 176+ 027 0.98* 020 227 x 032 226 =* 0:25 * 015 2.00 =% " 017 + 005
0.96 — 157 0.00 — 474 00 @' 2i750 (0:95)— 2631 0:59 =124 N 0i74=""4:4688 (0:645=283 28 = 1868/ 110:62 =296 =18
20:5w3 15:54 £ 2,73 0.73 = 255 8.32 = 1089 £ 256 962+ 208 1649+ 176 3.14 = 035 4.82 * 0.26 + 112 468 = 0.79 2.26
7.31 — 2428 0.00 16.24 0.00 — 129 — 19:61 2,24;— 14.31 13:11 — 19.02 0:00:— 13:63. 2.50'— 6.30 — 18,51 0.87 — 13.09 — 17.44
22:5w6 1577 %= 0:20 028 0.89 = 102+ 025 180+ 048 132+ 026 127+ 025 084 = 0.19 = 027 2:63 023 0.20
27 ="2:81 160 0.00 0:00/=":95 0.00i= '3:50" 0:82'— 1i69 00001326 8 0D:005==Nil 24 0 — 2.40 1.02— 4.02 0.91
22:5w8 367 = 048 3.69 = 066 157 = 386+ 071 221+ 038 165+ 017 362+ 0.14 104 = 0.07 6 =+ 0.23 3.76 = 0.36 0.24
2.04 — 5.91 0.00 5.04 0.00 11598 = = 5582: {1020 = .71 83 =" 1,931 2,52 =1 436101581 = =1\.76] = 4.18 0,23 =""5.8] 2.08
22:6u3 2345 + 3.05 465 = + 504 2859 1148 £ 3.47 2474 £ 652 17.11 £ 539 1501 = 1.01 17.72 £ 1.32 + 2.74 23.90 £ 3.01 2.79
9.55 — 35.86 0.00 36.38 0.00 1.86 — 24.76 6.09 — 4420 857 — 27.08 9.79 — 22.38 6.64 — 27.22 — 38.37 0.75 — 47.70 22.99
Total 330 £ 050 7.76 + 259 3839 495+ 1.18 389 % 082 735 198 221+ 022 200*x 0.14 2 £ 0.77) 2.96 =" {0153 0.28
Unknown 1i86= 16:87x 4192 17.16 0.68 1:318="7283) 147 = = 7:070 3411 =" 916311 3028830778 T 6= 3793 — 949 059 — 696 3.48
No. of
analyses 9 6 ) 3 15 16 12 14
* Insufficient data available at present for a statistical analysis.
! Mean = standard error of mean.
2 Range of analytical values.
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Table 5.—Fatty acid composition of crustaceans.

Acid: No Crab, king Crab, king Lobster Shrimp, Shrimp, Shrimp, Shrimp, white Shrimp, white
double bonds Crab, blue (body) (leg) spiny brown Maine Mexican Gulf So. Atlantic
______ ---..Cooked = 5 = el e e - o el e e m 3 S R ere & e et T A Wik e et e T e e P 2 e P e
Percent of total fatty acids
14:0 1137 = 027 1126 = 0.18 12.34 = 0.52 11.79 = 0.25 11,79 = 0.60 11.90 = 0.26 11,30 = 0.27 11.08 = 0.09 L1138 == 1 0:87
20569 — 3.45 20,84 — 1.88 2159 — 3.34 20,42 — 2.76 21947 — 3.58 20.71 2.46 2062 — 4.35 2058 — 2.04 2057 =252
15:0 0.583 = 0.05 0.68 = 0.13 0.96 + 0.21 0.48 = 0.06 1.15 £ 0.25 046 = 0.04 0.74 = 0.08 0.74 = 0.03 0.74 = 0.10
0.33 — 0.87 0.39 — 1.07 060 — 1.31 0/33 — 0.97 0.89 — 1.90 0i818 =055 048 — 1.24 0:51 — 0.98 0.59 — 1.10
16:0 964 = 0.91 9.91 = 2.00 9.16 = 0.74 7.59 = 0.37 10.40 = 1.14 10.13 = 0.37 9.60 £ 0.75 11.86 = 0.45 10,87 == 168
4.19 — 14.68 5y290="15,78 7.91 — 10.48 6.28 — 10.38 rivials = ) 8.56 — 11.20 fheds) = bl 8.41 — 15,44 7.43 — 16.26
17:00 1.24 + 0.87 7= 10512 0.90 = 0.23 0.96 = 0.05 24350 = 011117 0.54 = 0.07 1.86 = 0.17 1.93 £ 0.11 1:32 £ 0,19
0.79 2.19 080/ = 01 0:63.— 1.36 07 =143 0] 195 =" 2.74 0.34 — 0.80 0.90 — 3.03 1186 =" 2188 0.66 — 1.77
18:0 431 =+ 0.48 1.47 = 0.29 1,70 = 0.26 6.62 = 053 6.36 = 0.96 1.05 = 0.25 6.68 = 1,02 937 %= 0:73 5.08 =
1,83/ = 6.58 0.84 — 252 1.19= 207 4,70 — 10.64 g 1i7a=1N8 8l ;55 = 1,92 0.40 — 16.78 5.00 — 15,53 it —
19:0 021 = 0.08 0.56 = 0.66 == 0.34 0.10 = 0.04 0.74 = 028 032 = 0.07 0.32 = 0.07 0.46 = 0.06 0.46 = 0.04
0.00 — 0.61 0.00 — Q001112 0.00 — 0.32 0.36 — 1,57 0.00 — 0.55 0.00 — 0.79 0.00 — 0.74 0.36 — 0.60
20:0 036 = 0.21 0.73 = 0.11 (o= Aokl 0.01 = 0.01 1.02 = 0.28 058 = 0.08 0.51 = 0.26 0.20 = 0.08 0.21 = 0.16
0.00 — 1.80 042 — 1,02 0.00 — 0.52 0.00 — 0.14 065 — 1.84 0.30 0.85 0.00 — 3.50 0.00 — 1.00 0.00 — 081
24:0 O 7R 037 0.32 = 0.32 — — - — — 051 = 0.18 07 =0T
0.00 — 1.78 0.00 — 158 — — — — — 0.00 1.77 0.00 — 0.87
14:1 0.15 = 0.04 028 = 008 0.18 = 0,13 0.05 = 0.01 029 = 0.12 0.25 = 0.10 0.16 = 0.02 0.14 = 0.01 0.16 = 0.03
0.07 — 0.43 0.09 — 0.48 0.00 — 0.43 0.00 — 0.15 0.17 — 0.64 0.09 0.72 0N 0027 0,10 — 0.20 0.11 — 026
1651 0.25 = 0.03 0.38 = 0.09 0.05 = 0.05 0.08 = 0.01 0.45 = 0.19 0.18 = 0.03 0.21 = 0.02 024 = 0,01 022 + 0.03
0312:— 10,48 0.13'— 0.65 (a){afef—==Top5HS 0i00F=rE0117 025 — 1.02 052 =" 10:25 0,09 — 0.36 0.14 — 0.34 0.15 — 0.30
16:1 5.87 = 0.40 3.66 = 0.28 5.62 £ 0.77 4.63 = 0.35 518 = 12100 6.56 = 0.55 423 = 042 510 = 043 598 = 0.46
453 — 8.06 3,00 — 4.47 4i5B 1= 7512 —YCH) = 0.56 — 10.34 4.89 — 8.20 0.38 — 6.29 353 — 11.47 606 = 7.26
17:1 060 0:68 = 0,16 024 = 024 0.08 = 0.05 — 0.31 = 0.14 0.29 = 0.15 0.19 = 0.07 039 = 0.24
0.00 — 0.92 0.00 — 0.87 0.00/ — 0.73 0.00 — 0.51 — 0.00 — 0.66 0.00 — 1.81 0.00 — 0.90 0.00 — 1.15
18:1w,9 10.87 = 0.88 e DU 9.74 = 0,92 9.87 = 0.61 7.42 £ 0.49 9.90 = 1.25 10.15 = 0.98 9.72 = 0.35 8.54 = 1.20
5,56/ — 13153 5565, — 12:02 8:03,— 11.18 7.46 — 11,59 5981 = 810 a3 =4l15720 3.95, — 20.23 7.24 — 13.30 4.83 — 1153
20:1 3.18 £ 0.54 0.66 = 0.19 1,563 = 0.82 1.06 = 0.13 0.79 = 0.26 0.69 = 0.16 1.06 = 0.20 1.49 = 0.11 1.06 = 0.20
0.91 — 5.39 0.00 — 1.10 0.00 — 2.78 060 — 1.97 000/8=a11i1 040 — 124 0.62 — 3.07 086 — 250 0:56 = =1;57
22:1 — — — 0.07 = 0.05 — 042 = 0.26 0.03 = 0.02 0.16 = 0.06 —
= —_ — 0{00i— (0:62 — 0,00 — 1.29 0,00 — 0.23 0,00 — 064
18:2w9 1.77 = 0.21 RO 7E=ER 01T .77 = 0:32 1.68 = 0.37 164 = 0.24 1.02 = 0.09 2.6/ 0145 137 £ 0.11 1,87 = 0.09
0.60 — 2.63 (off{ )= |7/ l718%=112:27, 0.00 — 294 il A== 228 0.79 — 1.46 0.32.= 5.58 0:40/— 1.86 1.2 — 1166
18:2w6 061 = 0.18 078 = 12 0.33 = 0.33 1.01 = 0.35 041+ 0.14 0.43 = 0.06 063 = 0.10 0.70 = 0.06 059 = 0.06
D]00=21158 0,50 — 14 0.00 — 1.00 QI00F= 2,71 0.00/= 059 0,35, =" 1072 0.00 1.87 0.46 — 1.43 0.46 — 077
20:2w9 049 = 0.22 0.74 = 0.08 — 0.14 = 0.10 — 059 = 0.41 063 = 0,15 075 = 0.14 055 + 0.16
0,00 — 1.84 0.55 — 0.90 — 0.00 — 0.86 — 0.00 — 2.63 0.00 — 1.42 0.00 — 162 0.00 — 0.95
20:2wb 1.18 = 0.18 0.18 = 0,18 026 = 0.26 0.57 = 0.15 093 = 031 0.27 = 0.09 0.40 = 0.12 0.30 = 0.12 047 = 0.21
0.88 — 1.50 0.00 — 0.92 0.00 — 0.78 000" = 1531 0.000— 1.33 0.00 — 0.66 D008=N =118 0.00 — 147 0.00 — 1.08
22:6w3 19.88 = 1.03 13,50 = 1.50 13168 113 10.17 = 0.49 ilydvlrds Pl 2082 = 1.56 1837 NNt 0/Z 17.75=E 079 18.18 = 2.05
15.55 — 24.18 9,76/— 17.98 Ti4IF=%15:26 6 = n2ien 10.95 — 19.70 14788 ="26311 7.82 — 2438 12.64 — 23.74 10.56 — 21.77
Total 3.70 = 0.79 5,51 = 0.76 3.15 = 1.20 437 = 0.86 3.27 *£ 0.30 402 £ 1.94 332 041 4.55 = 066 283 = 077
Urtl“lg\oov'm 1601 =NT 87 2.83 — 6.89 154 — 550 0.86 — 10.49 2,60/ — 688 1.00 — 13.66 1.02 — 6,36 1.02 — 9.90 1,563 = 5.50
analyses 10 5 3 il 4 6 14 18 5

I'Mean + standard error of mean. 2 Range of analytical values,



o |

Table 6.—Fatty acid composition of raw mollusks.

Acid: No. Oyster Oyster
double bonds Clam, hard Clam, soft Clam, surf (Long Island) (Md.-Va.) Scallop, bay Scallop, calico Scallop, sea

Percent of total fatty acids

14:0 1216 = 0.41 12.19 + 0.40 12.28 + 0.39 18.13 = 1.66 13.39 + 050 12,45 + 0.42 12.61 + 0.60 13.16 = 0.96
222 — 3:22 21.00 — 2.64 21027 =856 23.93 — 13.84 21.67 — 4.39 211,285 =403 20.69 — 4.20 22518 =509
15:0 1:aBIEER 025 i) = o) 1.07 = 0.28 1.45 £ 0.24 091+ 0.10 071 = 0.11 071 = 006 072+ 008
(oAl = LER 0:80F="1031 0.51 — 1.84 0.80 — 1.97 052 — 1.08 0385 =1L 07 Oi51R="0i88 0.56 — 0.85
16:0 BLBIEERET N2 12.46 = 3.60 B265== 8121 22.43 = 2.99 18.31 = 0.61 8.29 = 0.75 10.68 = 0.98 9.99 =+ 254
491N = {12:62 4.85 — 20.98 5i87 = 11265 12.64 — 30.31 17.01 — 20.54 5130 =101 7.09 — 12.43 §5.52 — 14.32
17:0 192 =+ 0.25 370126 1.39 =+ 0.29 1.78 = 0.21 1.297=% 0.1 0.72 = 0.11 0.76 = 0.09 0.67 = 0.14
5320="2"86 0.79 — 1.94 0.49 — 2.19 1.455=2 3216l 1.06 — 1.68 0.37 — 1.00 0.44 — 0.99 0.40 — 087
18:0 4.08 = 0.76 3.08 = 0.63 287 = 049 3.45 + 0.43 1,92 = 10:20 2.19 = 0.49 262 = 1.36 2.02 = 0.49
2.719:— Sl4 1287 = 1438 1.65 — 4.61 220 — 4.78 1las — PEGH| 518 =431 0.00 — 6.90 1 07—="270
19:0 0.74 = 0.74 0170 = 07 0.10 = 0.10 0:87 =i 1015 (0574 == 1)) 0.34 = 0.21 05198 05T 0.28 = 0.14
0.00 — 2.97 0.00 — 0.69 0.00 — 0.51 0.00 — 0.64 0.36 — 1.08 0.00 — 1.15 0.00 — 0.58 0.00 — 0.44
20:0 2.70 = 1.19 0.75 = 0.44 0.07 = 0.07 1:43 .. 0.13 02 == 0145 0.83 = 0.17 0.19 = 0.16 0.48 = 0.32
0.00 — 546 0:00 — 1.67 0.00 — 0.34 ekl = e 0.00 — 262 (efey = Al 0.00 — 0.80 0100 ="1:09
24:0 — — 228 = 162 0.43 = 043 — 125 £ 0.59 242 = 0.72 —
= — 0.00 — 8.28 0:00F=S2 |7 — 0.00 — 3.34 0.00 — 3.74 —
14:1 12 = 0:23 0.90 = 0.22 081 = 0.22 0.49 = 0.11 0.45 = 0.06 0.41 = 0.12 0.17 = 0.05 0.28 = 0.08
0i505="11k59 0255118 019 — 11.53 0.23 — 0.88 052280557 0.04 — 0.73 0.04 — 0.33 0.19 — 0.45
1551 144 = 0.25 128 025 0.94 = 0.25 0.45 = 0.13 0.30 = 0.05 051 £ 0.12 0.15 + 0.04 0.30 = 0.09
0.77 — 1.90 0.39 — 1.48 024 — 180 0.22 — 0.89 0.16 — 0.48 0.09 — 0.81 0105 = 10:8) 0.19 — 047
16:1 3.07 = 0.21 448 = 1.01 3.06 £ 0.22 431 = 041 283 = 0.30 3.14 = 0.24 2.14 = 0.09 3.l == 1:43
2.62 = B.50 OS2 =22, 2l = Bl 3522/ =543 1:620="3/24 2134 =433 LG = PRy 158 — 5.97
17:1 3.06 + 122 132 + 0.34 0.74 = 0.37 0.85 = 0.14 067 = 0.10 0.44 = 0.20 1.96 = 1.05 0,28 = 0ul1
133 — 6.64 0.48 — 2.01 [OfJof —  IEES QISB =122 049 — 1.0 0.00 — 0.91 0.00 — 4.44 0.00 — 0.37
18:1w9 SAiNE 1165 6.22 + 1.25 504 = 1.04 463 = 0.51 381+ 0.16 3.70 = 0.49 2.96 = 0.40 3.34 = 1.32
3.42 — 10.25 450" — 1993 Bi04%= 873 3.06 — 555 3.43 — 436 2:381— " 5:56 1553 =23,98 142 — 588
20:1 1220007 1.10 = 0.83 3.69 + 0.81 239 = 0.33 2.13 £ 041 2.89 + 1.63 122 = 0.23 1.5 = 043
0008 =277 0.00 — 3.49 0.67 — 5.53 182 — 3.60 achl = sl 0.00 — 10.83 0:47=="1.92 0:97" =235
22:1 — 0.68 + 0.68 — = 040 = 040 0.19 = 0.19 — =—
— 000 =272 = == 0.00 — 1.98 0.00 — 1.11 — —
18:2.,9 27 OB 1.18 £ 0.41 0.99 = 045 135 = 0.14 213 = 0.18 138 = 0.51 0.69 = 0.06 084 + 0.11
230 =a a1 H 0.00 — 1.78 0.00 — 229 0.95 — 1.76 2.00 — 271 0.00 — 3.73 0.54 = 0.89 062 — 0.9
18:2w6 075 £ 0.75 0.72 + 049 185 + 0.34 085 + 0.16 059 + 0.13 0.87 = 0.14 (s == oy 0.62 = 0.14
0.00 — 3.00 0.00 — 2.09 0.67 — 277 02565=1"~11!33 0.36 — 1.08 0135 = 1.38 028 — 0.9 0.45 — 089
20:2w9 1.77 £ 0.70 1.13 £ 0.46 — 0.32 + 0.13 226 + 066 054 = 0.19 0.16 = 0.10 0:73 £ 037
0.00 — 3.34 0.00 — 2.09 = 0,00 — 0.62 0i55/—  4.28 0.00 — 1.04 0.00 — 0.40 0.00 — 1.13
20:2w6 055 = 0 (oAl == ofal] 0.42 = 0.42 046 = 0.05 0.53 = 0.15 (01474 ==t (0] 00 0.35 = 0.18 0.83 = 0.05
0.00 — 2.18 0.00 — 0.42 0.00 — 2.08 0:37 — 0.55 0.00 — 089 0.00 — 0:00/— 0 0.72 — 0.89
18:3.,3 2.62 = 0.36 1.40 = 0.59 0.65 = 0.49 257 = 0.41 0.49 = 049 0.92 = 0.34 0.10 = 0.10 0.58 = 0.29
1.96 — 3.38 0.00 — 2.82 0.00 — 255 1.79 — 4.05 0.00 — 245 0.00 — 2.13 0.00 — 052 0.00 — 0.93
20:3w9 0.99 = 0.65 0.75 = 0.62 124 =+ 0.74 0.52 = 0.20 0.39 = 0.12 1.40 = 0.54 0.49 = 0.13 0.18 =+ 0.18
0.00 — 2.74 0.00 — 258 0.00 — 385 0.00 — 1.20 0.00 — 0.69 0.59 — 4.07 0.30 — 1.02 0.00 — 0.53
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Table 6.—Fatty acid composition of raw mollusks, continued.

Acid: No Oyster Oyster
double bonds Clam, hard Clam, soft Clam, surf (Long Island) (Md.-Va.) Scallop, bay Scallop, calico Scallop, sea
Percent of total falty acids
20:3w6 — — 0.03 = 0.03 0.16 = 0.16 029 + 0.14 038 = 0.18 — 020 = 0.20
— — 0.00 — 0.17 0.00 — 079 0.00 — 0.72 0.00 — 089 — 0.00 — 0.60
20:4w6 3.99 = 0.39 438 = 0.88 422 + 037 1.73 = 0.20 2,12 = 0.31 6.77 = 3.10 6.82 = 0.35 3.13 = 0.24
20:3.,3 3.07 — 4.77 2:870=" 665 3:30 — 5.68 0.98 — 2.15 1.41 = 3.22 2.74 — 22.17 589 — 7.96 266 — 3.43
18:43 462 + 1.31 182 =+ 1.04 267 + 0.64 423 = 0.96 583 £ 059 2.36 £ 0.64 1.45 = 0.30 437 = 0.92
231 — 8.34 0.00 — 4.61 055 — 444 141 — 737 4,27 — T.43 084 — 5,17 0:67 — 2.36 320 — 6.18
20:4w,3 351 = 1.62 124 = 0.54 2:81 st 1.32 1.14 £ 0.26 155 =+ 0.40 1.82 = 0.92 074 = 0.14 sias D12
0.00 — 7.76 0.00 — 2.54 0.00 — 4.63 62 — 1.83 0.88 — 3.00 059 — 6.38 039 — 1.18 153 — 1.94
22:40,6 561 + 133 3.79 = 092 5.98 = 183 = 0.35 176 = 044 3.10 = 084 226 = 0.19 3.02 = 0.31
282 — 883 1.52 — 6.00 136y = 1.14 — 3.14 081 — 344 0.00 — 6.26 = 259 — 3.63
20:5w3 445 =+ 1.22 1122 £ 557 11.41 = 7.69 7.58 = 1.87 12.17 = 0.98 19.33 = 4.81 21.73 = 1.98 20.59 = 5.26
1.73 — 7.67 456 — 27.84 0.00 — 41.82 2.32 — 12,60 9.61 — 15.00 0.00 — 36.88 19.14 — 2964 10.86 — 28.93
22:5w6 — 0.50 = 0.31 330 = 2,02 054 =+ 0.22 153 = 0.33 92 * 298 = 0.19 189 = 023
— 0.00 — 1.27 0.00 — 10.04 0.00 — 1.02 054 — 249 ieg — 236 — 342 146 — 2.23
22:5w3 402 = 1.02 3.88 + 1.15 691+ 184 156 = 0.37 1.68 = 0.44 3.90 = 031 3.32 = 0.23 248 = 0.03
137 — 6,34 150 — 7.68 2.05 — 11:19 094 — 302 056 — 3.21 290 — 4.7 280 — 403 244 — 254
22:60,3 506 + 124 13.35 £ 2.16 1149 £ 2.05 517 = 1.06 15.59 = 1.63 2155 = 1.66 27.09 = 207 27.52 = 3.11
148 — 7.06 9.13 — 17.38 5.49 — 17.94 181 — 7.46 10.89 — 18.93 14.37 — 26.21 19.59 — 30.97 21.53 — 31.95
Total 2389 = 4.28 17.15 = 3.04 13.18 = 4.30 17.36 = 140 12.09 = 1.72 554 + 124 2:58 % 385 5.17 2= (.91
Unknown 16.04 — 36.09 8.78 — 23.19 241 — 26.72 13.63 — 20.92 8.16 — 17.96 0.72 — 947 033 — 9.04 357 — 6.718
No. of
analyses 4 4 5 9 5 6 5 3

! Mean = standard error of mean.

2 Range of analytical values.

MFR Paper 1033. From Marine Fisheries Review, Vol.
36, No. 2, February 1974. Copies of this paper, in limited
numbers, are available from D83, Technical Information
Division, Environmental Science Information Center,
NOAA, Washington, DC 20235.



