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I. LITERATURE REVIEW

Life history of crawfish

"Crawfish" is the common name for all Cambarus spe-
cies which belong to the class Crustaceae, Phylum Arthropoda,
one of the largest subdivision in the an1ma1 klngdom "Red
crawfish,'" one of the most important spec1es in Louisiana,

was described as Cambarus clarkii by Girard (1852), later,

it was placed in the genus Procambarus by Hobbs (1942).
According to Penn (1943) and Viosca (1953), the mat-
ing season for the red crawfish starts in April and May. The
mating is accomplished by transferring sperm to a females'
seminal receptacle. The female carries the sperm in the re-
ceptacle until the time of egg laying which is usually from
June through September for Louisiana red crawfish. The incu-
bation period may last from two to twenty weeks depending
on the season of laying and the average water temperature
(Crocker and Barr, 1968). In the case of red crawfish, the
laying takes about two weeks. the newly hatched crawfish
usually remain attached to the female during the early stage
of its life (Crocker and Barr, 1968; Penn, 1943). Normally
young crawfish will reach edible size by December or Febru-

ary. They reach maturity during the months of March and
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and April when the mating season starts again (Viosca,
1953).

Crawfish appear to be nearly omnivorous. The food
habits of crawfish suggests that they not only feed on liv-
ing animals and plants, they also consume quantities of
dead plants, dead animals, and detritus material (Crocker,
and Barr, 1968). Therefore, crawfish are ecologically impor-
tant converters of materials not eaten by game fish, birds,
or mammals, hdwever, they are extensively fed upon by all

three of these vertebrate classes.

Crawfish as food

Due to its high productive potential (Penn, 1943;
Langlois, 1953), crawfish are considered as a food source
for fish, birds, mammals, and even man.

Crawfish are eaten less by man than in times past.
According to Faxon (1885) and Andrews (1906), crawfish were
once sold in city markets of the eastern United States in-
cluding New York. Turner (1926) stated that in 1908 the
state of Wisconsin also had crawfish in food markets. Today,
most of the eating of American crawfish by man occurs in the
southern gulf states, mostly in Louisiana. LaCaze (1970)
reported that in few cases crawfish have been harvested in
the state of Oregon, most of which was shipped to Los
Angeles as '"short libsters.” Crawfish are also regarded as
gourmet items in many large European cities.

Lovell (1968) suggested that there was a very good



possibility for crawfish products becoming a nationally
popular food like other shellfish from Louisiana. He gave
two reasons:

1) Crawfish can be produced in abundance in the
southern Louisiana environment, particularly in the flat
areas of southwestern Louisiana where controlled flooding
can be practiéed.

2) The flavor of crawfish is unique and is gener-

ally regarded as pleasing by most people.

Commercial harvesting and culturing

Louisiana is the only state in North American where
the crawfish has been a major food crop for many years. Its
cultivating, harvesting, processing, and markéting are oper-
ated on a commercial scale.

The earliest data on a large commércial catch of
.crawfish were reported by. Washburn (1953) for the year of
1908, which was only 88,000 pounds. Since then, the catch
has increased to 1,326,000 pounds in 1960. The data on the
commercial catch of crawfish in Louisiana according to the
Bureau of Commercial Fisheries Report (Louisiana Landing
1960-1973) are shown in Table 1.

According to Lovell (1968), the commercial sources
of crawfish may be classed as (1) naturally flooding areas,
e.g., river basins, lakes, bayous, canals, etc.; (2) managed
production areas, e.g., rice field and ponds. Penn (1943)

estimated that P. clarkii have a potential of 5,000



TABLE 1

Commercial catch of crawfish in Louisiana

for the period 1960-1973*

Unit price

Year Pounds Value (per 1b.)
1960 1,326,000 $ 471,107 173
1961 2,186,900 $ 288,323 132
1962 3,097,100 $ 408,180 .132
1963 2,118,400 $ 300,126 .142
1964 3,310,625 $ 568,493 171
1965 8,765,500 $1,034,950 .118
1966 3,270,900 $ 538,024 .164
1967 4,520,500 $ 787,449 .174
1968 5,915,900 $1,053,026 .178
1969 7,892,200 $1,565,019 .198
1970 3,173, 300 $ 945,463 .298
1971 6,558,772 $1,405,864 .214
1972 5,712,938 $1,265, 766 .222
1973 9,974,859 $1,936,058 .194

* Bureau of Commercial Fisheries Report, 'Louisiana Landing."
** Data is for the months of January to August, 1973.



individuals or 150 pounds of crawfish per acre per year from
the naturally flooding area in Louisiana. Lovell (1968) re-
ported that from managed production areas, with proper man-
agement procedures, the estimation of 1,000 pounds crawfish

per acre per year are not unrealistic, There were only 2,000

acres of managed production area in 1949 (Viosco, 1949). 1In
1970, according to LaCaze (1970), the managed production

areas have increased to more than 6,000 acres in Louisiana.

Fish and crustacea fats

Fish fats are recognized by many researchers as being
the best natural source of highly unsaturated fatty acids.
In contrast to mammals, wherein the adipose tissue serves as
the main site of lipid storage, fish and crustacea appear to
use the liver and skeletal muscle for a similar storage func-
tion (Vague, et al.,I1965). The relative importance of liver
and skeletal muscle as the site of lipid storage varies in
different species of fish (Table 2, Braekkan, 1959). Gruger,
et al., (1964) reported that various fish and shellfish have
a wide range of oil contents, from a low of 0.7 per cent to
a high of 15.9 per cent o0il from the body tissues. Sinnhuber
and Law (1947) reported that liver and viscera were major lo-
cations for 1lipid deposition in most species of marine fish.
Data collected from various sources (0'Connor and Gilbert,
1968; Gruger, et al., 1964; Lighhelm, et al., 1953; Nur,
1966) showed that the liver was the main fat depot for many

species of fish and crustaces (Table 3).



TABLE 2

*
Fat content of liver and skeletal muscle of fish

Food Ordinary
Species Liver Muscle Muscle
% fat
Coalfish
(Gadus virens) 42,2 2.5 0.5
Herring
(Clupea harengus) 1.8 28.2 13.0
Mackerel ~
(Scomber scombrus) 7.7 29.7 13.1
Salmon
(Salmon salar) 7.4 15.1 2.0

*
Braekkan, 0. R., 1959.

TABLE 3

Lipid content of livers from fishes and crustaceans

% fat in liver

Species (dry basis) Reference
Atlantic Cod 52.6 Gruger, et al., 1964
Spring Dogfish 62.7 Gruger, et al., 1964
Rock Lobster 15.0* Lighhelm, et al., 1953
Cancer Pagurus 29.02 O'Conner and Gilbert,1968
Red Crawfish 67. 32 Nur, M. A., 1966

*
wet basis.



For many years, it was generally accepted that most
fatty acids were composed of an even number of carbons in a
straight chain and when unsaturated it usually had a double

bond between C, and C10 (Hilditch, 1956). However, due to
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the introduction of new analytical techniques, it was found
that fatty acids with odd number carbon chains existed in
nature in significant quantities (Morice and Shortland,
1955; Ackman, et al., 1965; Ackman, et al., 1964).

The following common characteristics were encountered
in fish oils by Jacquot (1961):

a) With regard to the saturated fatty acids, pal-

mitic (C is ﬁsually present as 10-18 per cent of the total

16)
quantity of fatty acids. Myristic (C14) and stearic acid
(Cls) occur in lesser quantities.

b) The unsaturated fatty acids present in signifi-
cant amount are those with 16, 18, 20, and 22 carbon chains
with varying degree of unsaturation. Contrary to animal and
vegetable fats, fish fats contain little or no linolenic acid
(C18:3)' The most common monoenoic acids are palmitoleic
(C16), gadoleic‘(CZO), cetoleic (CZZ) and selacoleic (C24).
Polyenoic acids are clupadonic (CZZ:S)’ arachidonic (C20:4),

- hiragonic (CIG:S) and acids which have more than 22 carbon
atoms.

c) Witﬁ regard to the structure of the glyceride
molecules, the three alcohol sites may be esterfied by iden-
tical fatty acids or by two or threce different fatty acids.

Fish oils are generally divided into two groups,



sea-water fish oils and fresh-water fish oils, and the two
groups differ markedly in their fatty acid composition
(Lovern, 1932). In general, sea-water fish oils have a re-
latively complex composition, and contain greater proportions
of C18’ CZO,>and sz unsaturated acids; whereas, fresh-water
fish oils contain smaller amounts of C20 and C22 unsaturaged
acids than sea-water fish oils, but greater amounts of pal-
mitic acid and C18 unsaturated fatty acids. With regard to
the unsaturated acids, Jacquot (1961) presented data which
showed the basic difference between sea-water fish oils and

fresh-water oils (Table 4).

TABLE 4

Percentége of unsaturated fatty acids in
marine and fresh-water fish*

Type of fish % of unsaturated fatty acids
16 “18 €20 C22
Marine fish . 10 25 25 15

Fresh-water
fish 20 40 13 2.

%)

*

Jacquot, R. 1961,
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The differences between sea-water and fresh-water
fish oils might come from differences in diet, environmental
conditions, or seasonal conditions (Lovern, 1932). Among
those factors, the temperature and the diet have been studied
most extensively. Most scientists agree that the differences
in fatty acid composition between the sea-water and fresh-
water fish are due to the differ-at fatty acid composition of
their diets which in turn is the result of different growth
temperatures (Farkas and Herodek, 1964; Farkas and Dyer, 1959;
O'Connor and Gilbert, 1968). Table 5 reveals a typical com-
parison between the sea-water and fresh-water fish with re-
gards to their fatty acid composition.

O'Connor and Gilbert, (1968) reported that lipid was
the predominant organic reserve of many crustacea. The im-
portance of lipid to the crustacean is suggested by its per-
centage contribution to the fresh weight of the organism and
particularly to the hepatopancreas (Table 6).

The fatty acid composition of crustacea resemble the
fish, the sea-water crustacea contains a relatively high pro-
portion of long chain polyunsaturated fatty acids, whereas
the 1lipid of fresh-water crustacean characteristically yield
a relatively large quantity of saturaded C16 and C18 fatty
acids (Farkas and Herodek, 1959; O'Connor and Gilbert, 1968;
Jacquot, 1961).

Zandee (1966), Wolfe, et al., (1965), and Nur (1966)
worked on fresh-water crawfish independently. The data

on fatty acid'composition were collected and summarized



TABLE 5

Fatty acid composition of fish oils from
sea-water and fresh-water fish*

Fatty acid
chain length Double bond Cobo lake**
(No. C atoms) (No. per Mol.) Menhaden salmon whitefish
(per cent fat)
14 0 8.0 3.7 2.2
15 0 0.5 0.5 0.3
1(?) 0.3 0.3
16 0 28.9 10.2 12.1
1 7.9 6.7 10.5
2 0.8 1.2 1.2
17 0 1.0 0.9 1.1
18 0 4.0 4.7 4.0
1 13.4 18.6 27.2
2 1.1 1.2 5.5
3 0.9 0.6 3.7
4 1.9 2.1 1.0
19 0 0.9 1.8
20 1. 0.9 8.4 2.1
2(?) 0.5 0.4 0.8
3 0.1 0.6
4 1.2 0.9 3.9
S 10.2 12.0 6.4
22 1 1.7 5.5 0.5
1(?) 1.1 0.6
4 0.7 0.6 1.1
5 1.6 2.9 3.3
6 12.8 13.8 8.8
24 1(?) 0.9 0.6 1.2

* Gruger, et al., 1964
** fresh-water fish
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(Table 7). The fatty acid composition of several sea-water

crustacea are also presented.

TABLE 6

Fat content of hepatopancreas of crustacea

Species per cent fresh st. per cent dry wt,
Cancer pagurus¥ 8.23 : 29.02
Procambarus clarkii** 15.76 67.32
Jasus lalandii*** 15.0

* 0'Connor and Gilbert, 1968
** Nur, M. A., 1966
**% Ligthelm, et al.,, 1953

Lipolytic activity in fish
and crustacean

Enzymes hydrolyzing triglycerides have been studied
well over a century since Clande Bernard first demonstrated
its existence at 1846 (Summer, 1953). Among all the lipoly-
tic enzymes, the pancreatic lipase has been most extensively
studied, but others.present in digestive juices, animal tis-
sues, plants, and microorganisms have received little atten-
tion (Wills, 1965).

The existence of 1lipolytic enzymes in fish has long

been noticed since Babkin and Bowie (1920) reported that a
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TABLE 7

Percent fatty acids in lipids from crustaceans
living in different environments

Fatty acid sea-water fresh-water
(No. C atoms) P. borealis M. norvegica H. gammarus A. astacus O. rusticus O. virilis P. clarkii
T.L* T.L. H.L.** T.L. T.L. H.L. H.L.
up to 14:0# 0.3 0.2 0.0 2.3 3.3 0.0 2.21
14:0 2.9 4.8 1.6 0.4 2.1 0.0 4.10
15:0 0.5 0.6 1.4 1.9 0.0 0.0 0.25
16:0 14.9 15.2 17.7 21.4 19.7 20.3 30,64+
16:1 14.1 11.8 10.3 4.4 15.1 12.2 :
17:0 0.3 0.7 5.8 7.2 6.1 0.0 0.87
18:0 2.6 1.3 3.9 14.0 3.1 8.4 22 GE%kk*
18:1 20.2 15.3 29.9 32.0 21.5 31.8 :
18:2 0.8 1.3 0.1 2.3 7.4 8.8 16.12
18:3 1.0 trace trace 0.0 9.2 3.7 5.34
20:0 0.0 trace trace 1.4 0.0 0.0 0.0
20:1 4.8 10.5 10.7 3.4 0.0 0.0 3.67
20:4 2.0 1.1 trace trace 5.7 0.0 12,
- 20:5 15.3 9.3 0.0 0.0 . 7.0 0.0 0.0
22:1 4.9 13.1 trace trace 0.0 0.0 0.0
Reference: Ackman and Eaton, 1967 Zandee, Zandee, Wolfe, et al., O'Connor, Nur, 1966
1967 1966 1965 et al, 1968

# Mnemonic shorthand introduced by Stoffel, et al., (1958).
* Total lipid
** Hepatopancreatic Lipid
*** 16:0 and 16:1 combined
**** 18:0 and 18:1 combined

£
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lipase was isolated from fish digestive systems. McKay
(1929) and Johnston (1937) also reported lipase activity
from the digestive system in fish.

Lovern (1930) described that there was appreciable
and comparable lipid hydrolysis in the livers 6f cod and |
ling. He also reported that the lipolysis was more active
in the livers of young fish than of older fish.

A non-stereospecific pancreatic lipase was isolated
from cartilaginous fish (skate) by Brockerhoff, et al.,
(1965). Brockerhoff (1966) also described digestion of fat
by cod which was similar to that of pancreatic lipases of
the higher animals. He thought that it could be from the
diffuse pancreatic tissue of the fish, since the lipase was
similar in its action.tnon-stereospeéific) to the pancreatic
lipase in mammals and in the skate. Kitamikado, et al.,
(1961) reported a strong esterase activity in the liver,
spleen, and bile of rainbow trout. Morishita, et al., (1966)
reported finding esterase activities from five different spe-
cies of fish.

Wood (1959a) observed that an enzyme capable of split-
ting off fatty acids from triglycerides was indeed present in
lingcod muscle. Lovern (1962a) and Olley, et al., (1962) re-
ported that enzymes responsible for the release of fatty acids
was lipase and a group pf phospholipase. They further stated
that the hydrolysis of phospholipids in fish muscle was respon-
sible for the large increase in free fatty acids.

It has been suggested that lipid hydrolysis in fish
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muscle was an enzymatic reaction, involving.the phospholi-
pids, the triglycerides, and probably some of the other lipid
constituents (Lea, 1957). Accordiﬁg to Bosunds (1969a),

45 per cent and 75 per cent of the free fatty acids formed

in dark and white muscle respectively was a result of phos-

" pholipid hydrolysis, the remainder being triglyceride hydro-
lysos.

A lipolytic enzyme which acted upon lipids in gastric
juice of the crustacea was demonstrated by Hoppe-Seyler in
1877 (Vonk, 1960). Kruger, et al., (1929) suggested that the
lipolytic enzyme was an esterase rather than a lipase because
esters of lower alcohols and lower fatty acids Were hydro-
lyzed much more rapidly than fats. He also reported that
even in the same species sometimes fats, and at other times
esters, were more readily hydrolyzed. Gruzewska (1932) re-
ported that a lipolytic enzyme was found from the serum of
crawfish and crabs. Brockerhoff and Hoyle (1967) observed
that the digestive lipase of the lobster acted on trigly-
cerides in the same manner as the corresponding enzymes of
mammals and fish.

Fat splitting enzymes in the hepatopancreas tissues
of crawfish ﬁas been demonstrated histochemically by Davis,
et al., (1964). Denuce (1967) found that at least seven es-
terases and two alkaline phosphatases were detected in aqueous
extracts of the crawfish hepatopancreas. Kleine (1966; 1967)
reported that the lipolytic activity found in crawfish hepato-

pancreas and pastric juice was duc to esterase rather than



lipase activity and was similar to mammalian liver esterase.
He further stated that the enzyme from hepatopancreas was al-
most 200 times more active than the one from gastric juice.

Lipolytic enzymes show some preferential activities
toward the substrates. George (1962) and Wood (1959a; 1959b)
reported that fish contain a lipase which catalyzes the hydro-
lysis of short-chain triglycerides. Later the results from
the study on trout muscle lipase (Bilinski and Lau (1969) in-
dicated that the presence in fish muscle of a lipolytic activ-
ity toward long-chain triglycerides was capable of hydrolyzing
depot fat. In contrast to the hydrolysis of short-chain trig-
lycerides, in which optimal activity above pH 8 was observéd
(Wood, 1959a), the cleavage of long-chain triglycerides was
optimal near neutrality (Schnatz, 1966; Biale, et al., 1968).
Biale, et al., (1968) further classified the enzyme respon-
sible for the cleaveg of short-chain triglycerides as an es-
terase which only hydrolyzes a soluble ester.

The preferential action of lipase on unsaturated
fatty acids were reported by Ono (1940a; 1940b); howéver,
later work failed to confirm these earlier findings. Savary,
et al., (1956) and others (Mattson and Beck, 1956; Savary,
1955) reported that as a general rule the existence of one or
two double bonds in the fatty acid did not effect the rate of
hydrolysis. |

Results from scientific research has shown that the
pancreatic lipase splits short-chain fatty acids more rapidly

than long-chain fatty acids (Wills, 1961; Sobotka and Gliek,
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1934; Weinstein and Wynne, 1935).

The effect of frozen storage

Although the range for optimum activity of lipoly-
tic enzymes is usually described as 30° to 40° C. (Wills,
1961), lipase was reported still active at very low tempera-
ture even in systems frozen solid at -15° C. (Bells and
Tucker, 1938; Kiermeir, 1947).

According to Woods' studies (1959a; 1959b), lipase
~activity in lingcod fillets did not show any great change
after stored at -20° C. for various lengths of times, but a
gradual decrease was observed. However, he pointed out that
the enzyme was still very active after 12 weeks of storage
at -20° C. |

Dyer, et al., (1959) reported that more than 50 per

cent of the "fat" was hydrolyzed in cod fillets stored at

10° F. (-12° C.) after one month, he also found that the rate

was much faster at 10° F. than at -10° F., but the rates at
10° F. and 32°‘F. (iced fish) were almost the same. They
further indicated that the free fatty acids mostly were from
phospholipid constituents of the fat.

Bligh (1961) and Bligh and Scott (1966) in their re-
ports on frozen cod muscle found that the major precursors
of the free fatty acids which were liberated during frozen
storage were phospholipid constitutents rather than trigly-

cerides. Dyer, et al., (1951; 1956a; 1956Dh) has observed

17
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extensive lipid hydrolysis with liberation of free fatty
acids accompanied frozen storage deterioration in many fish
‘'species though not in all.

Dyer (1959) and Castell, et al., (1966) found that
extensive lipid hydrolysis preceded the decrease in protein
extractability when cod was stored at -12° C., while samples
stored at -32° C. showed no change in taste scores or portein
extractability up to 12 months even though there was some
1lipid hydrolysis. They also reported, surprisingly, that the
oxidation of the highly unsaturated fatty acid liberated ap-
peared to be very limited.

Olley and Lovern (1960) suggested that lipid hydro-
lysis in frozen fish not only was effected by the temperature
but by the amount of free water available in the frozen State.

'Some rather fragmentary data (Lovern, 1930) on fish
livers stored at about -12° C. indicate that there were ap-
preciabie differences in the lipase activity of different

species. In a skate (Raia batis) there was no evidence of

any liver lipase activity, but there was appreciable hydro-

lysis in the livers of cod and ling.

The effect of heat on lipolytic
activity

Heat treatment has been long used for enzyme inacti-
vation. The typical example is in the dairy industry where
high-temperature-short-time (167° F. for 2 seconds or

186° F. for 0.3 seconds) has been cmployed for milk lipase
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inactivation (Hetrick and Tracy, 1948).

Basically, heat treatment which will denature pro-
teins will ultimately denature enzymes, but different pro-
teins have different stabilities toward heat which made this
treatment a very complex operation.

Exposure of paﬁbreatic extract from hog to 60° C.
for 25 minutes destroys nearly 100 per cent of the capacity
for enzymatic hydrolysis of-esters of short-chain fatty acids,
but only 60 to 70 per cent of the capacity for hydrolysis of
long-chain triglycerides (Fodor, 1950).

Olley and Lovern (1960) found that cooking of cod
fillets for 30 minutes in casserole surrounded by steam at
100° C. did not result in any appreciable loss of phospho-
lipase activity; however, prolonging the heat treatment to
90 minutes resulted in complete destruction of the lipase
activity. But according to Bosund gnd Ganfot (1969), the
extremely high thermostability could not be confirmed in
their experiment. In their experiment, the cod fillets were
steam cooked for 10 minutes, the fillets appeared to be done
and subsequent storage showed that the lipolytic enzymes had
been inactivated. Furthermore, 30 minute steaming resulted
in almost complete inactivation.

Bosund and his co-worker (1969) reported that there
was a decrease in lipolytic activity in herring fillets after
cooking for one minute in a microwave oven and after 4 min-
utes cooking the inactivation of the enzyme was practically

completed. They also pointed out that the phospholipases
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were heat inactivated more quickly than the lipases in

herring.

Antithiamine activity in fish
and crustacea

The presence of antithiamine factor in fish has been
known since Chastek-paralysis (an acute dietary disease) was
induced by inclusion of raw cérp in the diets fed to foxes
(Green, et al., 1942). Hereafter, many research scientists
have investigatgd this antithiamine factor. Deutsch and
Hasler (1943) reported that most fresh-water fish were found
to contain this factor, all species of the carp family that
they examined contained the factor, but almost all marine
fish did not contain this factor except cod and haddock.
Deolalkar and Sohonie (1954) found that the antithiamine fac-
tor existed not only in fresh-water fish but also in brackish-
water and salt-water fish. He further stated that it was true
that the fresh-water fish (Khavale) contains only one thiami-
nase, but for brackish-water and salt-water fish there were
three different pH's at which the enzyme exhibits optimum ac-
tivity.

Melnick, et al., (1945) demonstrated that an appreci-
able destruction of thiamine (about 50 per cent) occurred in
the gastro-intestinal tract following the concomitant inges-
tion of raw clams. 1lle also indicated that oysters, herring
and salmon all contain this antithiamine factor. VFujita in

his report (1954) pointed out that large number of shellfish
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and crustacean were found to contain this antithiamine fac-
tor, namely clam, snail, oystér, crab, and lobster.

Green, et al., (1942) have demonstrated that the
carp meat contains little or none of the antithiamine factor.
On the other hand, the viscera and trimmings were found ex-
tremely potent in producing Chastek-paralysis. Sealock,
et al., (1943) made further investigations of the distribu-
tion among all the separate tissues and organs, the results
are shown in Table 8.

Some early investigations led to the conclusion that
the antithiamine factor was an enzyme. Sealock, et al.,
(1943) first suggested that the inactivation of thiamine by
carp tissue was an enzymatic reaction. Later, Krampitz and
Wooley (1944) proved that the destruction of thiamine by carp
tissue was an enzymatic reaction by the demonstration of the
products of cleavage of the thiamine. In their work, the ¢n-
zyme was obtained in good yield in a 10 per cent NaCl solu-
tion and has been shown to consist of a heat labile, non-
dialyzable part and a heat stable, dialyzable component.

Based on the work of Sealock, et al., (1943) and
Krampitz and Wooley (1944), Yudkin (1949) proposed that the
thiamine destruction was a hydrolytic cleavage of the thia-
mine molecule between the pyrimidire and thiazole rings

(Figure 1).



Distribution of thiamine destroying

TABLE 8

principle in carp tissues*

Weight Activity units**
Tissues g. per g.
Spleen 7.8 25.00
2.5 6.00
8.2 21.60
Liver and pancreas 95.1 2.50
53.9 1.99
34.7 1.48
Gastrointestine 44.4 2.50
31.3 8.72
23.7 3.54
Gills 52.1 2.5
34.0 4,34
15.2 2.16
Kidney 17.8 1.34
Blood - 1.23
0.80
Heart 4.1 .33
Testes 392.0 .25
Brain 2.3 .21
Mucous 21.2 .04
3.7 .14
Gall bladder and bile 8.4 .11
Eyes 7.8 .06
Ovaries 9.3 .62
Swim bladder - -
Muscle - -

* Sealock, et al., 1943,
** One unit has been defined as that amount of activity which

under the experimental condition will cause the disappear-
ance of one micromole of thiamine.
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Figure 1. Hydrolytic enzyme cleavage of thiamine

Fujita (1954) in his report concluded that all pro-
perties of this antithiamine factor seems typical of proteins
and its enzymic nature appears to be beyond doubt.

However, recent work by Kuendig, et al., (1967) found
the active moiety isolated was free of proteins and amino
acids. They also pointed out that the moiety was microcryst,
thermostable, and its antithiamine activity was high with
only a slightly pH and temperature dependence. Hiker and
Peter (1968) reported that their results positively showed
that the antithiamine factor from the skipjack tuna was not

enzyme in nature. Studies made by Hiker and Peter (1968) and
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Tang and Hiker'(1970) indicated that there were possibly more
than one antithiamine factor responsible for the destruction

of thiamine. They further stated that it appeared that dif-

ferent antithiamine factors exist in different speéies of

fish and also in the same fish.



II. MATERIALS AND METHODS

Lipolytic Activity

Preparation of tissue sample

One hundred pounds of live crawfish were obtained
from a local seafood market in Baton Rouge, Louisiana. The
crawfish were killed by pithing and the hepatopancreatic
tissues were removed from the head and stored at 0° C. un-
til analyzed.

Moisture and crude fat
determination

The moisture content of both the hepatopancreatic
tissues and peeled tail meat were determined by the vacuum
oven method according to the A.0.A.C. procedures (A.0.A.C.
7.003, 1970).

The crude fat content of the peeled tail meat was de-
termined according to the direct method in A.0.A.C. (7.048,
1970), whereas the crude fat content of the hepatopancreatic
tissues was determined according to the indirect method as

outlined in A.0.A.C. (7.049, 1970).
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Lipolytic activity determination

The lipolytic activity of the hepatopancreatic tis-
sues was estimated according to the procedures described by
Dirstine, et al., (1968) with the exception that no additional
substrate participated in the system. A combination of‘gas-_
liquid chromatographic and weighing methods was used to esti-
mate the free fatty acids (FFA) quantitatively instead of the
original colbr-metric method. The chromatographic method is
described later in detail.

Reagent preparation:

1. PhosphateAbuffer -- M/15, pH 7.0 at 25° C.
Dissolve 0.85g anhydrous NaZHPO4 and 0.35g
KH,PO, in distilled water to 100 ml. Ad-
just pH to ébove, if required, with NaOH
or phosphoric acid.

2.A Copper reagent -- Mix one volume of 1 M
acetic acid (57.3 ml glacial acetic acid
diluted to 1 liter with digtilled water),

9 volumes of 1 M triethanolamine (14.9g
triethanolamine diluted to 100 ml with
distilled water), and 10 volumes of 6.5%
(w/v) cupric nitrate trihydrate in dis-
tilled water. The resulting solution has

a deep blue color and is stable for several -

weeks at room temperature.

3. Chloroform -- Reagent grade.
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4. Ethanol -- Absolute or 95% pure ethanol.

- Sample preparation,-- Oné hundred grams of hepato-

pancreatic tissues were taken and mixed with 100 ml phosphate
buffer in a Waring Blender for 1 minute at 0° C. To each
tube, exactly 10g of the mixture was transferred, the tube
was then covered with either glass-stopper or saran wrap

covered cork.

Tubes, containing 10g tissue mixture, were incubated at 37° C.
Ten milliliters ethanol were added to the tubes which éerved
as controls, at the beginning of the incubation period. To
one-half of the remaining tubes, the reaction was terminated
at the end of 15 minutes by adding 10 ml ethanol to each tube.
The remaining tubes were allowed to incubate for another 15
minutes followed by termination by addition of 10 ml of etha-
nol. Solutions were ready for free fatty acid extraction.

Extraction of free acids.-- To each of the test tubes,

35 ml chloroform was added. The tubes were then stoppered
and shaken vigorously for 2 minutes. The mixture was trans-
ferred to a 250 ml separatory funnel and allowed to separate.
The chloroform-extract layer was decanted and stored. Ten
milliliters chloroform was then added to the aqueous layer
and the tube was again shaken vigorously to recover the resi-
dual free fatty acids. The chloroform layer was collected

and combined to the previous extraction. The chloroform-

extract was then washed by shaking with 20 ml distilled water,

the aqueous layer was allowed to separate and was removed by



