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The lipid composition of raw frozen,   cooked frozen,   and canned 

shrimp was studied.     The total lipid content of the shrimp samples 

ranged from 0.89 to 1.40% of the wet weight.     On the average,   about 

75% of the shrimp lipids was in the form of phospholipids.     Cholesterol 

was the second largest lipid component ranging from 17-24% of total 

lipids.     Most of the cholesterol was in the free form.     Triglycerides 
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frozen shrimp.    Cholesterol constituted 0. 90-1. 05% of the dry weight 
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Two extraction procedures were compared; neither procedure 

offered an advantage with respect to lipid yield. Recovery of added 

pure lipids averaged about 86%. 
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THE LIPID COMPOSITION OF 
CANNED AND FROZEN SHRIMP 

INTRODUCTION 

There is epidemiological evidence that the concentration of 

serum lipids,   and especially of serum cholesterol,   is related to 

coronary heart  disease:   the higher the lipids,  the greater the 

risk of this atherosclerotic process. 

Furthermore,   we know that one highly effective  method of 

lowering serum cholesterol is by modification of the diet so as to 

provide less saturated fat,   more polyunsaturated fat,   and less 

cholesterol. 

Because fish contains highly unsaturated lipids,   they have 

been included in some diets designed to treat patients   with coronary 

heart disease.    However,   shellfish have not been used in such diets 

because of their presumed high sterol content.     Actually there is 

little agreement on the cholesterol content of shellfish,   as reported 

in the literature.     Indeed,   few complete lipid analyses appear to 

have been made on any one sample of shellfish.    This   study is 

designed to evaluate two procedures for extracting the lipids from 

shellfish and to obtain some data on the lipid content of shrimp. 

Three different kinds of  shrimp samples were analyzed for   extract- 

able lipids,   free and total cholesterol,   lipid phosphorus,   non- 

phospholipid glyceride, and non-esterified fatty acids. 



REVIEW OF LITERATURE 

Dietary Lipids,   Blood Cholesterol,   and Coronary Heart Disease 

Many studies have demonstrated that there is a close relation 

between serum lipid,   especially serum cholesterol,   and the incidence 

of coronary heart disease (Kannel et al„ ,   1961;  Connor,   1961; 

Jolliffe and Archer,   1959).     Both the level of serum cholesterol and 

the incidence of coronary artery disease are high in countries where 

the  diet contains large amounts of animal  fats,   such as the   United 

States,   Britain,   and other countries in  Western Europe (Katz, 

Stamler, and Pick,   1958).     On the other hand,   population groups 

which consume diets low in animal fats usually have lower levels 

of serum  cholesterol and less incidence of coronary heart disease 

(Katz    et al.,1958).    The animal fats are composed predominantly 

of saturated fatty acids.    In most of the vegetable oils and some 

fish oils,  the polyunsaturated fatty acids are the major components,, 

In 1967,   Macdonald found that  a diet rich in polyunsaturated fatty 

acids,   as corn oil,   lowered the plasma concentration of total 

cholesterol.     Kuo and Carson (1959) also observed reduced plasma 

lipids in response to a high polyunsaturated fatty acid  intake. 

In addition to dietary  fat,   dietary cholesterol seems to be an 

important consideration in the elevation of the lipid level in plasma 

and the pathogenesis of hypercholesteremia (Connor,   1968).    In 



1964,   Connor,   Stone, and Hodges     reported that when cholesterol was 

removed from the diet of healthy men,  there was an abrupt  decline 

in serum  cholesterol,   regardless of whether the diet contained 

saturated or polyunsaturated fat.    Restoration of dietary  cholesterol 

caused an increase in the mean serum cholesterol concentration 

even when the diet contained a high content of polyunsaturated fat. 

In 1965,   Keys,    Anders on,.and Grande reported a small but predictable 

positive relationship between serum cholesterol and dietary choles- 

terol.        Hegsted et al.   (1965) also observed a linear relationship 

between serum cholesterol  concentrations and dietary cholesterol. 

In shellfish,  both the   amount of polyunsaturated fatty acids 

and the cholesterol or other sterols   are high; in shrimp,   about 

95. 6%  of the   sterol is   cholesterol    (Kritchevsky,    1967). 

Connor,   Rohwedder, and Hoak (1963) found that feeding rabbits a 

shrimp diet over a fourteen-week period produced a very high level 

of serum cholesterol.     Furthermore,   extensive atherosclerotic 

lesions were discovered in most  of the experimental  animals. 

Connor attributed the hypercholesteremia  and atherosclerosis to 

the high cholesterol content of shrimp.    Thus,   the hypercholesteremic 

effect of the cholesterol in  shrimp appeared to be more   effective 

than the hypocholesteremic effect of its polyunsaturated fatty acids. 

On the other hand,  Idler,   Safe, and Mackinnon (1970) found that the 

blood cholesterol of chicks   on a cholesterol-supplemented diet 



decreased significantly when scallop sterols were added to the   ration. 

These results may be due to the type of the sterols involved;  choles- 

terol accounted for only 25% of the sterols in scallop. 

Lipid Composition of Shrimp 

The lipid composition of shrimp,  particularly the cholesterol 

content,   has been reported by a number of authors.     Some representa- 

tive data are shown in Table 1.     It is difficult to find a complete lipid 

analysis of any one sample   of  shrimp.     Kaucher et al.   (1943) 

reported the lipid composition of  dry shrimp tissue but failed to 

state the moisture content.    Many investigators have reported 

isolated cholesterol values   (Achard,   Levy,and Georgikakis,   1934; 

Pihl,   1952; Thompson,   1964; and Kritchevsky et al. ,   1961,   1967). 

Only Thompson has described the type of shrimp which was analyzed. 

There is disagreement in values reported  for the cholesterol con- 

tent of shrimp.    As  may   be seen in Table 1,   the    concentrations 

range from 83 mg in  100 g of  sample to 226 mg.    These variations 

may be due to seasonal differences,   species differences,   or to 

different methods of analysis.     Kritchevsky (1967) has suggested 

that incomplete extraction of the tissue lipids may account for some 

of the low values reported.    Thus,  there appears to exist a real need 

to develop an efficient extraction procedure and to accumulate 

reliable and comprehensive data on the lipid composition of  shell- 

fish. 



TABLE 1.     Lipid composition of shrimp (mg/100 g). 

Achard et al. ,   1934 
Kaucher et al . ,   1943 
Pihl,   1952 
Kritchevsky, 1961 
Thompson,   1964 

Reference Total Phospho- Total Free Tri- 
Lipid lipids Cholesterol        Cholesterol        glyceride 

584 116 
1624 778 154 140 448 

226 
138 

1100 156 
1200 157 

Kritchevsky,   1967 200 
Ackman & Eaton,   1967 830 390 83 360 
Dabrowski et al. ,   1969 900 

Calculated from dry weight data,   assuming 80% moisture in the tissue. 
b 
Neutral fat 

c 
Type of shrimp:   top figure brown,   bottom figure white, 

d All free cholesterol 



Methods of Lipid Extraction 

The standard method for preparing a lipid extract of biological 

tissue consists of 1) solvent extraction of crude lipid from the finely 

divided sample,   2) washing and drying of the crude lipid extract, 

and 3) purification of the lipid by re-extractionwith fresh solvent. 

A number of procedures have been devised in an effort to achieve 

maximum lipid extraction with minimal contamination by non-lipids 

and minimal denaturation of the lipids by exposure to air or strong 

chemicals.     Depending upon the type of tissue to be analyzed,   these 

procedures differ in method of sample preparation,   choice of solvent 

systems,   and purification steps. 

In the official A. O. A. C.   method 18. 12 for fresh fish (1955), 

the tissue protein is hydrolyzed with concentrated hydrochloric 

acid,   and the lipids are extracted with ethanol,   diethyl ether,   and 

petroleum ether. 

Folch et al.    (1951),   finding that not  all of the lipids of brain 

tissues were extracted by ethanol-ether,   used a solvent system of 

chloroform-methanol in proportions of 2:1.    They   homogenized the 

tissue with twenty times its volume of solvent and subsequently 

washed the extract in ten times its volume of water.    In a later 

modification of the procedure,   the extract was washed in two-tenths 

its volume of either water or an appropriate salt solution (1957). 

In studying the efficiency of the washing procedure,    Folch  found 



that the presence of salts in solution altered the distribution of 

lipids.    Adding CaCl     or MgCl    at a concentration of 0„ 003N,   or 

NaCl or KC1 at a concentration of 0, 05N to the water used in wash- 

ing,   significantly reduced the loss of lipids into the aqueous layer. 

Also,   a biphasic system without any interfacial fluff was   obtained. 

The Folch procedure had the advantage of efficient lipid extraction 

and mild treatment,   but it used large and unwieldy volumes   of 

solvents. 

Meanwhile,   Dambergs (1956,   1959) had been exploring the 

possibility of using acetone or isopropanol as a lipid extractant for 

fish muscle.    He found that the efficiency of extraction was dependent 

upon the water content of the liquid phase.     When water was kept 

at 20-30% of the liquid system,   maximum lipid extraction was 

obtained and the yield exceeded that  of the A. O, A. C.   method (1955). 

More proteinaceous material was extracted by isopropanol than by 

acetone (Dambergs,   1959). 

In 1959,   Bligh and Dyer described a rapid extraction procedure 

for use with fish tissue.    The wet tissue was homogenized with 2 

volumes of chloroform,   2 volumes of methanol and 1 volume of 

water; another volume of chloroform was used to extract the residue. 

The combined filtrates separated into two layers,   the   chloroform 

layer containing all the lipids,   and the methanolic layer containing 

all the non-lipids.     Optimum lipid extraction resulted when the 
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volumes of chloroform,   methanol,   and water after dilution were in 

the proportions of 2:1:1. 8,    These ratios represent the total volumes 

present in the ternary system,   including the water present in the 

sample.     According to the report,  the initial extraction procedure 

isolated about 94% of the extractable lipids,  the remainder was 

obtained by re-extraction of the tissue with chloroform.     Results 

were reproducible to within +■ 2%. 

Bligh and Dyer (1959) studied four procedures for extracting 

lipids from fish muscle.     Comparisons of  results are shown in 

Table 2.    It can be seen that the Bligh and Dyer procedure extracted 

more lipid than did the A. O. A. C.   (1955) or the Dambergs (1959) 

procedure.    Although the extraction procedures of Bligh and Dyer 

and of Folch et al.   (1951)  produced equivalent results,  the former 

procedure was judged preferable  because   of the smaller volumes of 

solvent required. 

TABLE 2.     Lipids extracted from cod muscle by four  methods 
(gm/100 gm). 

Bligh & Dyer        Dambergs       A. O. A. C.      Folch et al. 
 (1959) (1959) (1955) (1957) 

Sample I 0.65 -- 0.63 -- 
0.67 -- 0.62 -- 

Sample II 0.76 0.67 0.78 
0.76 0.69 - ~ 0.77 



PROCEDURE 

Food Samples 

Three specimens of shrimp were selected for lipid analysis: 

canned shrimp,   raw frozen shrimp,   and cooked frozen shrimp. 

Both the canned and frozen  shrimp were purchased at local  super- 

markets. 

The canned shrimp was Gulf Belle Brand,   packed by South- 

land Inc. ,   New Orleans,   Louisiana.    It was a small variety,   packed 

in broken pieces.    The frozen shrimp was a large gulf variety,   in 

shell,   available in bulk.    After purchase, the frozen shrimp was peeled 

and deveined.    One portion was dropped into boiling water and 

simmered 4-5 minutes.     The three shrimp samples were analyzed 

for moisture and Kjeldahl nitrogen. 

Each specimen was drained and patted dry on paper toweling 

before being weighed.   The raw and cooked frozen shrimp were 

chopped coarsely with a knife.     Four 20-gm samples of each of 

the three shrimp specimens were weighed and placed in appropriate 

containers. 

In order to assess recovery of added lipids,   weighed amounts 

of pure lipids were added to two samples of each specimen.    Pre- 

liminary analysis had indicated that the canned shrimp contained 

about 1. 25% total lipids,   of which about 7 3% was phospholipids,   25% 

Moisture and Kjeldahl nitrogen analyses performed by Caecilia 
Huang. 
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was cholesterol and 2% triglycerides.      Based on this information, 

5 mg tripalmitin; 183 mg egg lecithin (3. 87% P),   and 65 mg  choles- 

terol were added to 20 gm shrimp for recovery determinations.    In 

addition,   two samples of the pure lipids mixture without shrimp were 

prepared.     The composition of the 14 samples prepared for lipid 

extraction and analysis is shown in Table 3. 

TABLE 3.     Experimental plan:   Samples prepared for analysis and 
recovery of lipids by means of two extraction procedures. 

Shrimp 
Variety Wt   Lecithin 

Choles- Extraction 
terol Tripalmitin     Procedure 

raw frozen 
raw frozen 
raw frozen 
raw frozen 

cooked frozen 
cooked frozen 
cooked frozen 
cooked frozen 

canned 
canned 
canned 
canned 

none 
none 

gm mg 
20 
20 
20 183 
20 183 

20 
20 
20 183 
20 183 

20 
20 
20 183 
20 183 

183 
183 

mg 

65 
65 

65 
65 

65 
65 

65 
65 

mg 

H20 
CaCl 

5 H20 
CaCl 5 

H20 
CaCl 

5 H20 
5 CaCl. 

H20 
CaCl 

5 H20 
5 CaCl. 

5 H20 
5 CaCl. 

Lecithin contained 3„ 87% phosphorus. 

In the CaCl2 procedure,   a dilute   CaCl2 solution was substituted for 
water in the extraction mixture.    See text. 
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Extraction and Purification of Lipids 

The Bligh and Dyer extraction method (1959) was scaled down 

for use with small samples. According to this method, the wet 

tissue is homogenized with chloroform-methanol-water, and the 

lipids are isolated in the chloroform phase. This procedure has 

been designated the HO procedure (Table 3). In the CaCl pro- 

cedure, a dilute calcium chloride solution was substituted for the 

water,   as recommended by Folch,   Lees,   and Stanley (1957). 

Each sample was homogenized in a Model 45 Virtis homogenizer 

for 2 minutes with 40 ml of methanol.     Twenty milliliters of chloro- 

form were added,   followed by 30 seconds   of blending.     For the HO 

procedure,   20 ml of water were added and blending was continued 

for another 30 seconds.    For the CaCl    procedure,   20 ml of 0. 018% 

CaCl    solution were added instead of water. 

The homogenate was filtered through Whatman No.   1 filter 

paper on a Buchner funnel with suction.     The filtrate was transferred 

to a 100 ml stoppered graduated cylinder.     The residue and filter 

papers were then reblended with 40 ml  of  chloroform for 2  minutes, 

the mixture was filtered through the original  funnel,   and the homo- 

genizer flask was rinsed with a total of 15 ml chloroform.     This 

filtrate was added to the original  filtrate. 

The cylinder was allowed to stand in the refrigerator overnight 

for   complete separation of the two phases.     The aqueous layer and 
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the  thin layer of interphase were removed by suction.    The lower 

chloroform layer was transferred quantitatively to  a 25 ml 

Erlenmeyer flask and dried under a stream of nitrogen.    The flask 

with the dried crude extract was placed in a desiccator (P  0   ) and 
2   5 

stored at   -40C.    The next day,   the flask was weighed,  the crude 

lipids were re-extracted with chloroform,   and the extract transferred 

to a tared 25 ml volumetric flask.    After transfer,  the Erlenmeyer 

flask 'was reweighed to obtain the weight of non-lipids. 

The purified lipid extract in the volumetric flask was dried 

under nitrogen,  the flask was reweighed,   and the weight of the 

purified lipid extract was computed.    All weighings were repeated 

until a constant weight was   obtained.    The dried extract was diluted 

to 25 ml with chloroform and stored at   -10oC. 

The efficiency of transfer was checked by comparing the weight 

loss of the Erlenmeyer flask with the weight gain of the volumetric 

flask. 

Lipid Phosphorus Determination 

The Lowry et al.   (1954) microprocedure as modified by 

Hawthorne,   Smith, and Pescador (1963) was used for the determination 

of lipid phosphorus.     The method is based on the oxidation of lipid 

phosphorus to inorganic phosphate,  the formation of phosphomolybdic 

acid,   and the reduction of phosphomolybdic acid with ascorbic acid 

to molybdenum blue,   which was measured photometrically.     For the 
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determination,   onemilliiiter of the lipid extract from shrimp or from 

lipid alone was diluted to 20 ml with chloroform;  one-half milliliter 

of the lipid extract from recovery samples was diluted to 20 ml with 

chloroform.    Triplicate  aliquots   of  10 ml of the diluted samples 

were used. 

Lipid phosphorous was reported as mg of P/100 g of shrimp. 

The phospholipid concentration was calculated by multiplying the 

phosphorus concentration by 25. 8 (based on analyzed P in lecithin). 

Cholesterol Determination 

One milliliter of the purified lipid extract from shrimp or from 

pure lipid samples was diluted to 10 ml with chloroform.     One half 

milliliter of the extract from recovery samples  (shrimp plus lipids) 

was diluted to 10 ml with chloroform.    Triplicate samples of 20 ml 

each were prepared for cholesterol determination. 

Free and total cholesterol were determined essentially by 

the  procedure described by Smith (1961).    For total cholesterol 

determination,   samples  were first saponified and neutralized. 

Cholesterol was then precipitated as the digitonide.     The digitonide 

was purified,   redissolved and then treated with the Liebermann- 

Burchard color reagent.     Forty-five minutes later,  the optical 

density was measured photometrically in a Beckman Model DU 

spectrophotometer. 
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Different  concentrations of cholesterol standards were carried 

through the entire procedure for both total and free cholesterol 

determinations.     Cholesterol has been expressed as mg/100 gm of 

shrimp. 

Triglyceride Determination 

The triglyceride content of  shrimp was determined by the 

Sfa 

method of Carlson and Wadstrom  (1959) as modified by Henry (1964). 

The method consists of the removal   of phospholipid by 

chromatography on silicic acid,   which retains the phospholipids. 

Triglycerides are then saponified to give glycerol,  which is oxidized 

by periodic acid to formaldehyde.    The formaldehyde is determined 

photometrically by reaction with chromotropic acid.    For this study, 

the column was dry packed with 300 mg of silicic acid - Celite.     One 

milliliter of lipid extract was added to the column,   and the triglycerides 

were eluted with chloroform.    Twenty-five milliliters of the chloro- 

form eluate were collected,   and duplicate   aliquots of 10 ml  were 

used for the triglyceride determination. 

Different  concentrations of tripalmitin  standards and a column 

blank were carried through the entire procedure.     Triglycerides 

have been expressed as mg tripalmitin per 100 gm shrimp. 
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Non-esterified Fatty Acid Determination 

The non-esterified fatty acids  were determined  by the procedure 

of Trout (I960) which is   a modification of  Dole's titrimetric method 

(1956).     One milliliter of the lipid extract was treated with isopropanol- 

heptane,   containing sulfuric acid.     Aliquots of the heptane phase were 

2 
titrated with sodium hydroxide delivered from a digital readout pipet  . 

Nile blue was used as an indicator rather than the thymol blue used 

by Dole.     The non-esterified fatty acids were expressed as mEq/100 

g of shrirap. 

2 
Manostat Digi-Pet,   Trade name. 
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RESULTS AND DISCUSSION 

Extraction Procedures 

Two extraction procedures were compared in this study.     The 

method of Bligh and Dyer (1959) is referred to as the HO procedure. 

The method of Folch,   Lees,   and Stanley (1957),   in which a dilute 

calcium chloride solution was substituted for water,   is designated 

the CaCl    procedure.     The lipid components of the three  kinds of 

shrimp,   extracted by each procedure,   are shown in Table 4. 

The CaCl    procedure had a distinct advantage over the HO 

procedure in that the  layer of interfacial fluff between the aqueous 

and chloroform phases was very small,  thus facilitating the removal 

of the aqueous phase.    Since the entire interfacial layer was removed 

in both procedures,   one would have expected  higher lipid yields from 

the   CaCl    procedure because less fat solvent was lost in the inter- 

facial fluff.     However,   this did not seem to be the case.    Slightly 

higher lipid yields from cooked and canned shrimp were obtained 

with the HO procedure than with the CaCl    procedure (Table 4). 

This observation was not in accord with the report of Folch et al. 

(1957)  that the inclusion of  small amounts of mineral   salts   during 

the  washing of the extract reduced the loss of lipids from the chloro- 

form phase. 



TABLE 4.     Lipid composition of three kinds of shrimp extracted by two different procedures. 
All values are expressed per 100 gm wet weight. 

Total Total Free Trigly-    Non-esterified 
Lipids Lipid P Cholesterol        Cholesterol    ceride       Fatty Acids 

gm mg mg mg mg mEq 

Raw frozen shrimp 

HO procedure 0. 852 25 

CaCl    procedure 0. 928 28 

Cooked frozen shrimp 

HO procedure 1. 316 38 

CaCl_  procedure 1. 234 37 

Canned shrimp 

HO procedure 1. 438 43 

CaCl,, procedure 1. . 364 38 

145 

162 

260 

267 

350 

324 

128 

139 

244 

231 

298 

284 

16 

19 

24 

25 

31 

26 

0. 312 

0.272 

0. 324 

0. 334 

0.294 

0. 363 

Expressed as tripalmitin 
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The average recovery of pure  lipids added to the shrimp 

samples,   and extracted by the two  procedures,   is presented in 

Table 5.     There was no trend to consistently higher recoveries by 

either method.     This confirms the conclusion of Bligh and Dyer 

(1959) that the addition of mineral salts during extraction offered 

no significant advantage with respect to yield. 

Since the  two extraction procedures gave similar data,   the 

values were averaged for each of the three kinds of shrimp; the 

average lipid concentrations are shown in  Table 6.     Also presented 

in Table 6 are the lipid concentrations calculated on the basis of 

dry weight.    It may be noted that  the sum  of the lipid components, 

calculated as tripalmitin,   lecithin,   cholesterol,   and palmitic acid, 

amounts to 103-106%  of the total lipid weight. 

Total Lipids 

The total lipids constituted  0. 89% of the wet weight of frozen 

raw shrimp (Table 6).   Thompson (1964),   using the Bligh  and Dyer 

(1959)   extraction procedure,   reported 1. 1% and 1. 2% total lipid 

in brown and white shrimp caught in the Gulf  of Mexico.     Shrimp 

from Nova Scotia waters were reported by Ackman and Eaton (1967) 

to contain 2. 43% and 2. 21% lipid,   extracted by the Bligh and Dyer 

(1959)  procedure.     When Nova Scotia shrimp were held alive and 

without food for three weeks,   the lipid content had declined to 0. 83% 

of the wet weight (Ackman and Eaton,   1967).      Calculated on the basis 



TABLE  5.     Percentage recovery of pure lipids    added to shrimp samples and extracted 
by two different procedures. 

Total Total Free Tripal-     Average of Individual 
Lipids     Lecithin     Cholesterol     Cholesterol     mitin Recoveries" 

95. 5 

95.7 

95. 6 

3. 
183 mg Lecithin,   65   mg Cholesterol,   5 mg Tripalmitin,   added to 20 gm of shrimp. 

b 
Average of four recovery values:   total lipids,   lecithin,   tripalmitin,  total cholesterol. 

HO procedure 87 77 111 102 107 

CaCl procedure 84 75 117 100 107 

Average recovery 86 76 114 101 107 

v£> 



2. 43 0.890 0. 682 0. 154 0. 134 0. 017 0.074 

3. 39 1.275 0. 971 0. 264 0.238 0. 024 0. 084 
3. 26 1.401 1.042 0. 337 0. 291 0. 029 0. 084 

TABLE 6.     Percentage composition   of three kinds of  shrimp;   average of two procedures. 

™       ,     -r^i-       i ~, ^ ~,   •   , Non-esterified Total     Phospho- Total Free Trigly- 
Moisture   Nitrogen     Lipids     lipids        Cholesterol   Cholesterol   ceride        .   . ,   c 
 Acids  

Wet weight basis: 

Raw frozen shrimp 83 
Cooked frozen shrimp      75 
Canned shrimp 64 

Dry weight basis: 

Raw frozen shrimp 
Cooked frozen shrimp 
Canned shrimp 

aCalculated as lecithin (P x 25. 8) 

Expressed as tripalmitin 

Calculated as palmitic acid (1 mEq = 255. 4 mg) 

0 14. 29 5.235 4. 014 0. 905 0.787 0. 102 0.438 

0 13. 56 5. 100 3. 885 1. 054 0. 950 0.098 0. 337 

0 9. 06 3.893 2. 895 0. 937 0.809 0. 079 0. 233 

o 
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of dry weight,  the frozen raw shrimp reported in the present study 

contained about 5.24% total lipid.     This value agrees well with  dry 

weight values calculated from  Thompson's data - 4. 7% lipid in brown 

shrimp and 5. 5% lipid in white shrimp.     However,   it is considerably 

less than the 8. 12% of dry weight reported by Kaucher et al.   (1943), 

and considerably more than the 3. 9% of dry weight   reported by 

Dabrowski,   Kolakowski,   and Karincka (1969) for frozen North 

Atlantic shrimp.    Evidently,  the lipid content of shrimp varies with 

the   species and the state of nutrition. 

When the frozen shrimp was cooked,  the moisture   content 

decreased appreciably (Table 6).    This appeared to account  for the 

higher percentage of lipids  in terms of wet weight.     Calculated on 

the  dry weight basis,  the cooked frozen shrimp contained 5. 1% 

total lipids,   as compared with the 5. 24% in the raw frozen shrimp. 

The small canned shrimp analyzed in this study had even less 

moisture than the cooked frozen shrimp,   and the total lipid  content 

was relatively greater.     On the dry weight basis,   however,  the 

canned shrimp contained only 3. 89% extractable lipid as contrasted 

to the 5. 1% in cooked frozen shrimp. 

Recovery of pure lipids   added to the shrimp samples   averaged 

86%. 
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Phospholipids 

Phospholipids,    calculated as lecithin (lipid P x 25. 8),   accounted 

for  4. 01% and 3. 89%   of the dry weight of the raw frozen and cooked 

frozen shrimp,   respectively (Table 6).     This concentration is in 

accord with the report of Kaucher et al.   (1943) that phospholipids 

constituted 3. 89% of the dry weight of shrimp.    In starved shrimp, 

analyzed by Ackman and Eaton (1967),   only 47% of the total lipid 

was phospholipid.     Calculated  on the assumption that dry tissue 

was 20% of wet weight,  the starved shrimp contained only about 1. 9% 

phospholipids.    In Ackman and Eaton's study,   the lipid components 

were determined by chromatographic separation,   monitored by thin 

layer chromatography. 

No reports of the phospholipid content of canned shrimp were 

found in the literature.     The canned shrimp in this study contained 

about 2. 90% phospholipids,   on the basis of dry weight  (Table 6). 

Thus,   canned shrimp have somewhat less   phospholipid than frozen 

shrimp.     However,  the phospholipids in all three specimens of 

shrimp constituted about 74-77% of the total lipids. 

Recovery of phospholipid added to the shrimp samples averaged 

76%. 



23 

Cholesterol 

Cholesterol constituted 0. 154% of the wet weight of raw frozen 

shrimp (Table 6).     This value agrees with the report of Thompson 

(1964) that 0. 156% and 0. 157% of the wet weight of brown and white 

shrimp was cholesterol.     On the other hand,   Kritchevsky (1967) 

reported that 0. 2 00%  of the wet weight of  shrimp was cholesterol, 

a concentration considerably higher than that found in the present 

study.    In terms of dry weight,   the frozen raw shrimp contained 

0. 90% cholesterol.     When Thompson's data are calculated as percent- 

age of  dry weight,   on the basis of the moisture content reported for 

her samples,   her specimens contained only 0. 66% and 0. 72% choles- 

terol.     Kaucher et al.   (1943) found only 0. 77% of the dry weight of 

shrimp to be cholesterol.    Sterol accounted for only 10%  of the lipids 

of the starved shrimp analyzed by Ackman and Eaton (1967).     On the 

assumption that the samples contained 80% moisture,   this would 

amount to only  0. 4% of the dry weight. 

Cholesterol constituted 1. 05%  and 0. 94% of the dry weight of 

cooked frozen shrimp and of canned   shrimp,   respectively (Table 6). 

However,   in terms of wet weight,   canned shrimp contained 337 mg/100 

gm,   and frozen cooked shrimp contained 264  mg/100 gm.     Both 

values exceed the 125 mg/100   gm. listed in Table 4 of Handbook #8 

In contrast to shrimp,   chicken contains 60 mg/lOOgm,   beef and fish 
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contain only 70 mg/lOOg (U.S.D.A.,   1963). 

In seafood,   55-95% of the cholesterol exists in free form 

(Kritchevsky and Tepper,   1961).     These investigators found that 

92% of the cholesterol in shrimp was free.     Kaucher et al.   (1943) 

reported that 90% of shrimp cholesterol was in the free form.    In 

the present study,   87%,    90%,    and 86%   of the cholesterol in raw 

frozen,   cooked frozen,   and canned shrimp respectively was in the 

free form.     As  might be expected,   Ackman and Eaton (1967) found 

no esterified cholesterol in their   starved shrimp. 

In   this study,   all digitonin-precipitable sterols   (3 (3-ols) which 

give color with the Liebermann-Buchard reagent have been reported 

as cholesterol. . No attempt has been made to identify the individual 

sterol  composition of shrimp.     However,   Kritchevsky (1967) found 

that 95. 6% of the sterols of shrimp was cholesterol. 

It should be noted (Table 5) that the average recoveries of pure 

cholesterol,   added to the samples,   were exceptionally high - 114%  . 

A number of factors which could have contributed to this   high recovery 

were investigated.     Cholesterol standards were carried through the 

same procedures as were the samples.     Time and temperature dur- 

ing   color development were carefully controlled.     To  avoid the 

possibility of solvent   evaporation,   all samples of extracts were 

measured as soon as  the extracts were diluted to volume.     The 
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possibility that cholesterol standards were inaccurately weighed 

was ruled oat by repeating the analyses with fresh standards. 

Undoubtedly the extraction procedures were very efficient with 

respect to cholesterol,   but the high recoveries must have been 

due to  errors inherent in the microprocedure which was used.     In 

this study,   the total cholesterol constituted 17-24% of the total 

lipid weight. 

Triglycerides 

On the dry weight basis,  the raw  and cooked frozen shrimp 

contained about 0. 1% triglyceride,   expressed as tripalmitin (Table 6). 

About 0. 08% of the dry weight   of the canned shrimp was  triglyceride. 

There is very little in the literature with which to compare these 

values.     Ackman and  Eaton (1967),   using chromatographic separation 

of lipid components monitored by thin layer chromatography,   reported 

that triglycerides constituted 0. 36%   of the wet weight of  starved 

shrimp fromNova Scotia waters.     This value is twenty times the 

amount found in the present study.     Since the sterol and phospholipid 

content of the shrimp analyzed by Ackman and Eaton were extremely 

low compared with reports   of other   investigators,   one can only 

conclude  that the high triglycerides  were due to species   differences 

or to analytical method.     Kaucher et al.   (1943),   whose report of 

phospholipid,   total cholesterol,   and  free cholesterol content of 

shrimp was remarkably  close to the values reported in the  present    , 
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study,   stated that neutral fat constituted 2. 24% of the dry weight of 

shrimp.     This figure was derived by difference,   and seems to be 

dependent on the high weight of total lipid extracted from the shrimp. 

Shrimp have a high ratio of phospholipid to triglyceride,    and 

incomplete removal of the phospholipids will give a falsely high 

value for triglyceride.    Several procedures for removing phospholipids 

from the extract were attempted in this study but all gave high 

recoveries of triglyceride glycerol from the pure lipid mixtures. 

The most satisfactory method was the use of a silicic  acid column 

(Carlson and Wadstrom,   1959),   and this procedure was finally 

employed although the recoveries of tripalmitin were 107% (Table 5). 

Further attempts to account for the high recovery were not productive. 

There was the possibility that the column  contained insufficient 

silicic acid to hold the phospholipids,   but no glycerol was found in 

the eluate when appropriate amounts of pure lecithin were applied 

to the column.     The unexpected finding   of non-esterified fatty acids 

in the pure lipid mixture of tripalmitin,   lecithin,   and cholesterol 

suggested the possibility that the  phospholipids might have been 

hydrolyzed during the extraction procedure.     If this were the case, 

free glycerol from the hydrolyzed phospholipids might have augmented 

the  triglyceride glycerol in the eluate.     When free   glycerol was 

applied to the column,   some glycerol appeared in the eluate.     Thus, 

degradation of the phospholipids during extraction remains the  most 
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plausible explanation for the high triglyceride recoveries,   although 

no 2; 1   ratio could  be demonstrated between the moles of non- 

esterified fatty  acids and the moles   of  excess glycerol found in the 

extracts of pure lipids. 

Non-esterified Fatty Acids 

In this study,   an average of 0. 33 mEq of non-esterified fatty 

acids was found in 100 gm shrimp (Table 4).     Calculated as palmitic 

acid,  this amounted to 0. 44%,   0. 34%,   and 0. 2 3% of the dry weight 

of raw frozen,   cooked frozen,   and canned shrimp,   respectively 

(Table 6),     The somewhat lower free fatty acid content in cooked 

and canned shrimp may be due to losses in the cooking water.     Non- 

esterified fatty acids constituted 6-8% of the total shrimp lipids. 

Such high concentrations would not be expected in fresh-caught 

shrimp.     For example,   Addison  (1968) found no trace of free fatty 

acids in the flesh of cod,   which had been extracted immediately after 

death.     During cold storage,   however,   hydrolysis of lipids may 

occur (Bligh and Scott,   1966).     These investigators showed that the 

free fatty acids of stored cod were liberated exclusively from 

phospholipid,   and that their composition reflected the fatty acid 

composition of the original  phospholipid. 

Although the liberation of fatty acids in stored lean fish appears 

to be due to the action of tissue enzymes (Olley and Lovern,   I960), 
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some further hydrolysis of lipids must occur during the extraction 

and purification procedures.     In the current study,   non-esterified 

fatty acids were found in extracts of the pure lipid mixture,   which 

contained only lecithin,   cholesterol,   and tripalmitin.     Furthermore, 

the amounts of fatty acid in the recovery samples were twice as 

great as those found in the shrimp alone. 

No attempt was made to identify the fatty acids in the shrimp 

samples under investigation.     Ackman and Eaton (19 67) reported 

that,   in addition to palmitic,  the 16:1,   18:1,   and 20: 5   fatty acids 

predominate in shrimp lipids.     The characteristic composition 

appears to be dependent on the species,   its geographical habitat, 

and the season of catch. 
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SUMMARY 

The lipid composition of frozen shrimp (raw and cooked) and 

canned shrimp has been investigated.     Both the frozen and canned 

shrimp were purchased at local markets and were of unknown 

variety.     Total lipids constituted 0. 89% of the wet weight of raw 

frozen shrimp,   1.28% of the cooked  frozen shrimp,   and 1.40% of 

the canned shrimp.     On the dry weight basis,   the canned shrimp 

contained only 3. 9% total lipids,   as contrasted to 5. 2% and 5. 1% 

of the raw and cooked frozen shrimp.     Phospholipids accounted for   ^ 

74-76% of the total lipids of shrimp,  triglycerides accounted for 2% , 

and non-esterified fatty acids accounted for 6-8% of the total lipids. 

On the wet weight basis,  the frozen raw shrimp contained 154 mg 

cholesterol per 100 gm,  the frozen cooked shrimp had 264 mg/100 gm, 

and the canned shrimp contained 337 mg cholesterol per 100 gm. 

Eighty-six to ninety percent of the cholesterol was in the free form. 

The efficiency of two  extraction procedures was evaluated. 

In both procedures,   lipids were extracted with chloroform and 

methanol.     In one procedure,   water was included in the solvent 

system; in the other,   a dilute calcium chloride solution was used 

in place of water.     The two procedures gave essentially the   same 

recovery of added pure lipids.     However,   when the calcium  chloride 

solution was used,  there was a cleaner separation of the chloroform 

and aqueous phases. 
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It is concluded that lipids constitute + 1% of the wet weight of 

shrimp,   most of it in the form of phospholipid„     Individual lipid 

components vary; with such factors as the species of shrimp the 

geographic source and the method of preparation. 
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