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CHARACTERIZATION OF ALKALINE METALLOPROTEINASES
WITH COLLAGENASE ACTIVITY FROM THE MUSCLE

OF PACIFIC ROCKFISH {SEBASTES SP.!

Geracimo E. Bracho and Norman F, Haard, Ph.D,
Institute of Marine Resources

Department of Food Science & Technology
University of California

Davis, CA 95616

INTRODUCTION

The twelve known types of collagen share a general structure consisting of three
polypeptide units  c chains! which together form a Iong triple-helical structure and shorter
non-triple helical domains�1!. Intramolecular aldol cross-links and intermolecular aidimine and
oxo-imine cross-links between a chains result in formation of dimer{0! and trimer  y! units as wefi
as higher molecular weight aggregates. Type I collagen, a fiber forming collagen, is distributed
in all structural levels of muscle tissue. Types III, IV and V collagen have also been identified in
muscle tissue �!. Fiber forming collagen self-assembles to form fibrils where these rod-like
molecules stack over one another staggered by one-fourth of their length  Fig. 1!, The mechanical
strength, solubility and susceptibility of collagen to enzyme catalyzed hydrolysis is influenced by
the organization of collagen molecules as fibrous structures, These same properties of collagen
may also be influenced by the association of fibrils with non-collagen connective tissue
constituents, particularly the proteoglycans � 7!.

Enzyme catalyzed degradation of collagen has been implicated in quality deterioration
of seafood products by several investigators �,14,23,46,47,52!, However, enzyme s! responsible
for collagen degradation in muscle from postharvest fish have thus far not been identified. The
collagen triple helix is highly resistant to the action of most proteinases, but it is known that
connective tissue cells from mammals and reptiles synthesize and secrete a family of proteinases
that act on collagen �,2!. It has been suggested that collagen in fish muscle has a relatively high
turnover rate compared to land animals. For example, collagen turnover in Atlantic cod is coupled
to heavy feeding- starvation cycles during the year �3,34!.

Collagenase is universally distributed in extracellular connective tissue of all organs of rat
examined by immunohistoc he mical methods �2!, Mammalian collagenase  matrix
metalloproteinase 1! is a Zn' -metalloproteinase capable of cleaving fibrous collagen across the
three chains Fig, 1A!. The iocus of cleavage is three-quarters the length of the molecule from the
amino terininal end, thus forming two triple helical products called TC" and TC . These products
are less stable than the intact molecules and denature at physiological temperature. The
denatured chains are susceptible to rapid and extensive cleavage by gelatinases and other
proteases like cathepsins B, L and N in phagolysosomes  Fig. 1!. Other rnamrnalian collagenases
specifically hydrolyze native non-fibrous collagens  matrix metalloproteinase 2, Type IV
coilagenase, gelatinase! associated with basement membranes by an analogous mechanism and
have specific gelatinase activity �1!. Strornelysin  matrix metalloprotelnase 3! has broad activity
on a variety of extracellular matrix macromolecuies induding proteoglycans, fibronectin, laminin,
types IV and IX collagen and is responsible for full activation of procollagenase �4!. The catalytic
activity of collagenases are latent and can be activated by enzymes such as plasmin and trypsin,
by organomercuiials, by heat treatment, and by removal of inhibitors or addition of Ca z  Fig. 2!,
Activation of procoIIagenases by dNerent mechanisms may result in intermediate sized forms of
collagenase with only partial activity  Fig. 3; 44!,
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Diagram showing possible explanations for latent collagenase activity. A.
inhibitors, e,g, plasma a2 macroglobulin, B. Conformational changes in
collagenase, e.g.by binding to the surface of the collagen fibril, and C.
Proteolysis of the extension peptide of procollagenase, e.g. by trypsin.

~ 8

Stepwise activation of procollagenase by proteases or by self-activation
promoted by organomercurials. ProMMP3 is pro-matrix metalloproteinase
3 pro-subtllysin!. Adapted from �4!.
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It is also known that neutral proteinases and serine proteases secreted by leukocytes, e.g.
cathepsin G and elastin, hydrolyze the non-helical end regions of collagen between the cross-link
and the triple helix thereby initiating a degradative cascade similar to that started by collagenase
 Fig. 1B!. When the collagen triple heiix is denatured, e.g. by raising the temperature to initiate
thermal denaturation  Fig. 1C! the collagen chains are readily susceptlbie to hydrolysis by a wide
range of proteases.

Earlier we reported the relationship between collagen degradation and texture softening
of Pacific rockfish  8,9!. The solubility of coIIagen in postharvest Pacific rockfish muscle increased
coincidentai with texture softening during storage of sterile fillets at O'C. Immuno-reactive coliagen
degradation products did not form and loss of a, 8 and y collagen chains did not occur during
storage of rockfish on ice. On the other hand, incubation of sterile rockfish muscle at 20-30'C
resulted in rapid disappearance of all collagen chains and was accompanied by a nearly complete
loss of fillet integrity. Using an immunological method  8! we did not detect the collagen
fragments TC and TC ! which are characteristic of collagen degradation by collagenase s!.
These studies were carried outin situ and therefore it is possible that other proteases present in
the fish muscle rapidly hydrolyzed Initial products of chain degradation,

Here we report studies designed to identify and isolate collagenoiytic enzymes from the
muscle of Pacific rockfish. Collagen isolated from rockfish muscle contains enzyme s! which
solubilize native collagen fibrils at neutral pH. However, the amount of collagenase activity present
was extremely low and attempts to purify and characterize the activity were not successful.
Acetone powder from rockfish muscle was found to contain two metalloproteinases which
hydrolyze collagen and gelatin but not casein on sodium dodecylsuifate polyacrylamide gel
 SDS-PAGE! zymograrns. The enzymes also exhibited low activity in solubiiizlng native collagen
fibrils and did not hydrolyze hide powder azure, azo-casein and synthetic substrates for trypsin
and chymotrypsin and coliagenase when assayed in solution.

MATERIALS AND METHODS

Collage nase

Collagenase was extracted from rockfish skin and muscle tissue by the procedure of
Weeks et al.�6!, The principle of this method is that bound coIIagenase is dissociated from
collagen fibers in the presence of 0.10 M Ca+ . Activity was recovered from rockfish muscle
either by heating for 10-15 min at 55~'C or by incubating 24 h at 3TC in the presence of
calcium. The activity was recovered in the 3040% ammonium sulfate fraction.

Metalloproteinase gelatinase!

Acetone powder was prepared from rockflsh muscle with chilled acetone and butanol
�5!. Approximately 10 g of acetone powder were homogenized � min, low speed, Waring
Blender! with 200 ml Tris-Q buffer �.025M, pH 7.5! containing 10 mM CaQ~, 0.05% Brij 35, and
0.05% NaNs. The homogenate was incubated with shaking at 3TC for 1 h, and then centrifuged
at 20,000 x g for 30 min. The supernatant was saved and the pellet was re-suspended in 200 ml
of buffer and the procedure repeated. The supematants were combined and held at 4'C for 48
h after which the precipitate formed was removed by centrifugation. The resulting supernatant was
brought to 30% saturation with  NH4
SO< and stored ovemlght at 4'C. The precipitate was
removed by centrifugation and the supernatant was brought to 80% saturation with ammonium
sulfate and stored overnight at 4'C. The precipitate was collected by centrfugation and
suspended in 50 ml of extraction buffer. The suspension was stirred for 2 h at 4'C and the
supernatant collected by centrlfugatlon. Gel filtration of this supernatant was performed on a 1.5
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x 115 cm column packed with Bio-Gel A-0.5 m equilibrated with extraction buffer containing 0.2
M NaCi. Two peaks with collagenolytic activity were obtained. The active fractions were pooled,
dialyzed against water and lyophilized.

Electrophoresis

Sodium dodecylsulfate, polyacrylamide gei electrophoresis  SDS-PAGE! was done by the
method of Laemmli �1! using 7,5% poiyacrylamide. Geis were stained with Coomassie Blue R
such that collagen stained metachromicaiiy pink! while non-collagen protein stained
orthochromically blue! �0!.

Enzm a a rnth

Collagenase

Assay of "true collagenase" activity was based on breakdown of radioactive collagen
fibrils. Acid soluble collagen was extracted and purified from lingcod skin by the method
described by Cawston and Murphy �!. The final product was shown to be pure by SDS-PAGE
and amino acid analysis. Llngcod collagen forms fibrils at lower temperatures �5'C! than
mammalian collagen. Collagenase substrate was prepared by radiolabeling of pure lingcod skin
collagen with pyridoxai phosphate and NaB H4 as described by Birkedal-Hansen and Dano �!.
The radiolabeled substrate contained about 2.5 gCi/mg of collagen. The substrate had an
optimum temperature for fibril formation of 15'C and melting of fibrils occurred at about 20'C and
higher temperatures. The assay used �! is based on solubilization of gelled-radiolabeled collagen.
SDS-PAGE zymograms

Metalloproteinases isolated from acetone powder were also assayed by substrate
SDS-PAGE �8,24,25! using either 0.1% gelatin, 0.1% lingcod skin collagen or 0.1% b casein as
substrate in polyacrylamide gel. After electrophoresis, gels were incubated for 24 h at 20-24.C
in Tris-Ci, pH 8.0 normally containing 10 inM CaCI> and 1 mM NEM. After staining with
Coomassie Blue and destaining clear  unstained! zones indicated enzyme activity.
Metalloproteinases were also assayed with a synthetic substrate for collagenase �7!,

RESULTS AND DlSCUSSlON

Collagenase activity based on fibril solubilization

PuriTied lingcod skin collagen had an optimum temperature to form fibrils at pH 7.5 of
15'C. Melting of the fibrils occurred, on the other hand, at 20'C and higher temperatures.
Reduction of the purified collagen with NaBsH4 ln the presence of pyridoxyl phosphate resulted
in tritium incorporation of about 2.5 gCi per mg collagen. The radlolabellng did not change the
fibril formation properties and the melting temperature of the collagen. The radiolabeled collagen
formed fibrils with low blanks  < 10% of total hydroxproline or radioactivity! and resistance to
trypsin degradation since less than 20% of the total collagen was solubillzed by treatment with
this enzyme. The collagenase actMties of the acetone powder extract, 3040% saturation
ammonium sulfate fraction, and gel filtration fractions containing the 98 and 47 Kdalton proteases
are shown in Table 1. The amount of fibril collagen which was solubillzed by the rockfish
enzyme s! was low and did not increase with longer assay times. The specwc activity of
Clostridium histolytlcum collagenase  type 1A! was about 5-10 times greater than the rockfish
muscle proteases purified by gel filtration. SDS-PAGE of the solubilized collagen did not reveal
products  TCA and TC<, Fig. 1! characteristic of mammalian tissue collagenase nor other
products with a molecular weight lower than the collagen a chains. MMP-3 is able to remove the
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NH>-terminal propeptides from type i procollagen and a small amount of procollagen may have
been present in the substrate. It is of interest that the observed results are indicative of a
procollagenase, like matrix metalloproteinase 3  MMP-3!, since it was dependent on activating the
enzyme with the organomercurial, 4-aminophenyl mercuric acetate �4! and was inactivated by
metalloproteinase inhibitors, EDTA �0 mM! or 1,10-phenanthroline �0 mM!. The enzyme required
CaCI> for activity and was stimuiated by N-ethyimaieimide  NEM, 1 mM! as weil as APMA � mM!.
The low activity observed and difficulties encountered with this assay because of interference with
fibril formation and fibril stability led us to employ other methods to assay this enzyme fraction.

SDS-PAGE substrate zymograms

Initial studies revealed that the rockfish muscle enzyme fraction, which had limited
activity on collagen fibrils, did not hydroiyze azocasein, hide powder azure, TAME or BAEE.
However, assay of this enzyme fraction using SDS-PAGE substrate gels for gelatinase or
collagenase activity �4,25! revealed regions of proteases corresponding to major activity at
molecular weights of 47 and 98 Kdaltons  Fig.4A!, Both enzymes readily hydrolyzed soluble
collagen as well as gelatin but were inactive in zymograms containing 8-casein. For this reason,
additional experiments with SDS-PAGE zymograms were used to characterize the enzyme
fraction.

Influence of inhibitors and activators

The influence of various compounds on the activity of rockfish muscle proteases is
summarized in Table 2. Activity of the two proteases on SDS-PAGE zymograms, as well as on
solubilization of fibril collagen, was dependent on the presence of CaClz  Fig. 4D & E; Fig. 6 A
& B! and was stimulated by NEM  Fig. 6F!, or APMA  Fig. 6E! in the incubation buffer. The
protease activity was also stimulated when 0.5% SDS was included In the incubation medium  Fig.
6J!. No activity was observed when CaQ> was not in the assay medium. NaQ �0 mM! was not
effective as a replacement for CaQz   Fig, 4E! and no stimulation of activity was observed when
cysteine �0 mM! or dithiothreltrol  Fig. 6 I! was included in an assay buffer. The activation of
rockfish gelatinase by the organomercurial APMA is a characteristic in common with mammalian
tissue procollagenases  Fig.3!. Mammalian tissue collagenases are Zn+ containing enzymes, and
as expected, activity of both rockfish enzymes were inhibited by the metalloproteinase inhibitors,
EDTA and 1, 10-phenanthroline  Fig. 6C & D!. The response of other muscle proteases to
inhibitors is summarized in Table 3. Heat stable alkaline proteases are common in fish muscle but
are normally classified as thiol or serine proteases rather than metalloproteinases. Collagenases
isolated from digestive organs of fish are classified as serine proteases. Other proteases from
muscle tissue which are active on collagen, such as cathepsins or elastase, are not
metalloproteinases. These results indicate that the two rockfish proteases are different from heat
stable alkaline proteases and other muscle proteases and similar to tissue collagenases with
respect to their classification as metalloproteinases �4, 25, 44, 53!. Also, rockfish proteases, like
mammalian tissue collagenases, require Ca' for activity  Table 4!. On the other hand,
collagenases from digestive organs and alkaline proteases from muscle tissue are not appreciably
influenced by this cation �8!,

Influence of temperature and pH on rockfish proteases

The 47 and 98 Kdalton proteases retained activity when assayed on SDS-PAGE substrate
gels after 1 h incubation at 50'C in Tris-0 buffer, pH 8.0, containing 10 mM CaCI> and 1 rnM
NEM  Flg. 4B!. After 1 h at 60'C in the same buffer the 47 Kdalton protease was inact/ve,
however, the 98 Kdalton protease retained activity when assayed on SDS-PAGE zymograrns Fig.
4C!. The stability of the rockfish proteases at relatively high temperatures is similar to that
reported for heat stable alkaline proteases isolated from musde  Table 5!. There do not appear
to be reports describing the temperature optimum of tissue collagenases since these are normally
assayed at near the physiological temperature of the animal.
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SDS-PAGE substrate gel of rockflsh proteases recovered from gel permeation
chromatography  pooled 50 and f 00 Kdaltons!. incubation buffer after
electrophoresis was buffer containing 30 mM CaO2 and 1 mM NEM at
different pH values, A. pk 3.0, B. pH 4.0, C. pH 5.0, D. pH 6.0, E. pH 7.0, F.
pH 7.5, G. pH 8.0, G. pH 8.0, H. pH 9.0. The 47 and 98 Kdalton zones
showed increasing activity from pH 6,0 to 9,0.
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SDS-PAGE substrate gel of rockfish proteases recovered from gel filtration
chromatography  pooled 50 and 100 Kdalton!. Substrate gel was Incubated in
Tris-Q, pH 7.5 containing A. no CaQ>, B 8 G. 10 mM CaClz, C, 10 mM CaCI>
and 20 mM EDTA, D. 10 mM CaQ> and 20 mM 1,10 phenanthroline, E. 10
rnM CaQz and 1 mM APMA, F. 10 mM CaQ> and 1 mM NEM, H. 10 mM
CaQs and 1 mM DTT, I. 10 mM CaQs and 0,5% SDS. J. 10 mM CaQ~ and
1:10 dilution of rockfish muscle extract.



Table 3. Classif ication of Various Muscle Proteases and
Collagenases Based on Inhibitor Response.

58

15, 50

Trout ceca

Crab hepatopancreas
C. hi stol yti curn
Bovine aortic endothelium
Human skin

Rat skin

Tadpole tail

10

16

54

43

Cathepsin G
Elastase

Cathepsins B, L,N, S

Serine protease
Serine protease
Aspartic

Table 4. Influence of Ca+ on Alkaline Proteases and
Collagenases.

+2

s light st imulat ion
none

slight inhibition
none

none

58

1,54

Digestive serine!
Tissue metallo- !

none

required

required
required

Rockfish I

Rockfish II

Barracuda

Carp
Croaker, Atlantic
Croaker, White I
Croaker, White II
Croaker, White
Rat

Rat myofibrillar

Carp
Croaker, Atlantic
Croaker, White
Rat

Shrimp

Thiol protease
Thiol protease
Thiol protease
Serine protease
Thiol protease
Thiol protease
Thiol protease
Serine protease

Serine protease
Sezine protease
Metalloproteinase
Metalloproteinase
Metalloproteinase
Metalloproteinase
Metalloproteinase

28

28

37

6

19

37

38

11

28

32

37

11

13



Table 5. Temperature and pH Optima of Alkaline
Proteinases and Collagenolytic Enzymes.

65

60
60-65

7.9

8.0

7.8

8.0

7.5
8-9

60+

50-60

Rockfish I

Rockfish II

Table 6. Molecular Weights of Muscle Alkaline
Proteinases and their Subunits.

150

18-60

45-57

98
47

98

47

Rock f ish I
Rockfish II

Barracuda

Carp
Croaker Atlantic!
Croaker White!
Filefish

Mackerel

Menhaden

Mullet2
Rat cytosolic
Rat myofibrillar
Salmon Chum!
Shrimp
25 species

Crab  Cunchatka!
Crab Fidler!
Human leucocyte
Human skin

Mackerel ceca

Prawn hp
Tadpole fin

Barracuda

Carp
Carp
Croaker Atlantic!
Croaker White! I
Croaker White! II
Croaker White!
Croaker White!
Lobster

Shrimp
Rat

Rat

62

65

60

60
60-65

60

60

65

780

780

600

80

132

1363

470

920

740

250

31

450

8.0

8.0

8.0

8.0

7. 8-8. 3

8.0

7.5-8.5

8.0

9.4

9.6

8.0

8.0
7.9 � 8.1

30

37

32

37

45

47

4 12
11

11

55

13

29

50

15

2 16
47

46

43

29

27

36

32

6

19

37

35

29

13

11

38



The pH optimum of rockfish muscle proteinases assayed with lingcod skin collagen on
SDS-PAGE zymograms appears to be near pH 9  Fig.5!. Mammalian tissue collagenase, digestive
coilagenases and heat stable alkaline proteases from muscle all have optimum activity at alkaline
pH values  Table 5!.

Molecular weights of rockfish proteases

Gel permeation chromatography of the ammonium sulfate fraction of rockfish proteases
resulted in recovery of about 90% of the activity in two fractions corresponding in molecular
weight to approximately 100 and 50 Kdaitons  Table 1!. The specific activity of the two fractions
on radioisotope labeled collagen fibrils was increased by about 20 and 30 fold respectively  Table
1!. SDS-PAGE substrate zymograms revealed the 100 and 50 Kdalton fractions corresponded to
the 98 and 47 Kdaiton proteases  Fig. 4A & D!. The results of gel permeation chromatography
and SDS-PAGE reveal that the rockfish muscle proteases described in this paper dNer from heat
stable alkaline proteases which have been reported to be high molecular weight proteins
composed of subunits  Table 6!. The molecular weights of digestive collagenases are reported
to be around 25 Kdaltons  Table 7!. Although molecular weights ranging from about 40 to 100
Kdaltons have been reported for mammalian tissue coIIagenases, most collagenolytic enzymes
have a molecular weight around 50 Kdaltons  Table 7!. It is also known that stepwise activation
of procollagenase can result in multiple forms of coliagenase with similar molecular weights  Fig.
3; 44!. It is therefore interesting that zymograms of rockfish proteases frequently show doublet
and triplet zones of clearing around the Rf corresponding to 98 and 47 Kdaltons.

Substrate speciTicity

The ability of rockfiish metalloproteinases to hydrolyze dNerent substrates is summarized
in Table 8. The metalloproteinases have low but rneasureable activity on collagen fibrils and
rapidly hydrolyze gelatin and soluble collagen on SDS-PAGE zymograms. Incubation of
metallo~roteinases with soluble cofiagen resulted in initial formation of fragments similar to TC
and TC and eventually to complete degradation of a, b and g chains to low molecular weight
products {Fig. 7!,

On the other hand, the metalloproteinases dkl not hydrolyze two general protease
substrates, azocasein and hide powder azure, TAME and BAEE in solution and did not hydrolyze
b-casein in SDS-PAGE zymograms,

CONCLUSIONS

Previous studies in our laboratory showed that rockfish muscle contains endogenous
factors that rapidly and extensively degrade tissue collagen when the muscle is subjected to a
temperature of 20 C or higher  8!. Here we show that rockflsh musde contains two alkaline, heat
stable proteases. The enzymes were identified in acetone powder extracts from several species
of rockfish including Speckled  Sehtstes maliger!, Blue  S. mystirius!, Bocaccio  S. paucispinus!,
Widow  S. entomelas!, and Yellowtail  S. flavidus!. The enzymes are metalloproteinases and are
similar in many ways to matrix metalloproteinases  gelatinases! Identified in mammalian ceII
culture exudates. Similarities of the rockfish enzymes with matrix metalloproteinases Include
molecular weight  especially the 47 Kdalton enzyme!, requirement of Ca'z for activity, activation
by the organomercurlal APMA, limited ability to solubilize collagen fibrils, and apparently high
substrate specÃicity for soluble collagen and gelatin. Further study of these enzymes is
recommended because they appear to be responsible for the loss In fillet integrity of fish which
are temperature abused prior to chill storage.



Table 7. Molecular Weights of Collagenases and Related
Metalloproteinases.

Table 8. Substrate Specificity of Rockfish Muscle
Metalloproteinases I and XI.

pH 7I 15 Cp 3H-lingcod
skin collagen
pH 8, 37'C, lingcod skin
collagen
pH 7-9, 20 C f SDS-PAGE
zymogram, product
analysis
pH 7-9, 20 Cg SDS PAGE
zymogram, product
analysis

Collagen fibrils

Soluble collagen

Soluble collagen

Gelatin

pH 8, 20, 37, 50 C
pH 7 5-8, 20, 37, 50 C
pH 8, 20 C
pH 8, 20 C

pH 8 g 20 Cg SDS-PAGE
zymogram

Azocasein

Hide Azure
TAME

BAEE

P-casein

C. hi stol y'ti curn
Crab, Cumchatka hepatopancreas!
Crab, Fidler hepatopancreas!
Human  bone marrow!
Human  fibroblasts!
Human  fibroblasts!
Human smooth muscle!
Human leukocytes!
Mouse tumor!
Rabbit  brain!
Rabbit  brain!
Rabbit  fibroblasts!
Rabbit  fibroblasts!
Rabbit  bone!
Tadpole  fin, skin!
Rockfish

24, 26
27

25

75, 57, 22
42, 46
41-52

42

50-53

62, 68
47

92, 67, 55
57

92, 68
51, 65
50

98, 47

48

50

15

22

3

53

49

2

2

24

25

2

10

2

43
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l26 USE OF ALUMINA RODS FOR QUANTITATIVE ANALYSIS OF CHOLESTEROL
IN MARINE PRODUCTS WITH THE TLC/FID IATROSCAN SYSTEM
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Food Science and Human Nutrition Department

Institute of Food And Agricultural Sciences
University of Florida

Gainesville FL 32611-0163

Consumers are very concerned about the cholesterol content of their foods because of the
alleged role of dietary cholesterol in the development and progression of cardiovascular diseases.
Seafoods provide low calorie protein as well as beneficial omega-3 fatty acids. The cholesterol
content of some seafoods including shrimp and mollusks is reasonably high, ranging from about
100-200 mg/100g wet weight �!. This has resulted in all seafoods often being mistaken as
having high cholesterol levels. The development of analyticai methods of cholesterol
determination that provide rapid and accurate results is of interest and is the subject of this work.

Measurement of total sterols can be effected by using a number of different techniques.
Chromatographic techniques  TLC, HPLC, GLC! have largely superseded older colorimetric
methods. Kovacs et al �! examined the use of gas chromatography on packed columns and
different sample preparation techniques for the analysis of cholesterol in fishery-based foods.
They found that a simple, single-tube saponification procedure was effective and compared well
with official AOCS saponification but was 20 times more economical in time and solvent usage,
Walton et al. �4! compared this method with a TLC-FID technique and found no difference in the
quantitative accuracy between the two methods for marine samples. An examination of their
internal standard calibration curve indicates that the response of cholesterol was 3C times greater
than cholestane for any given mass. This is unsurprising given the effect of Rf on response �1!
and the large Rf of cholestane compared to cholesterol. However, large differences in response
between compound anaiyzed and internal standard are generally undesirable. The results from
internal standard TLC-FID  IS-TLC!, area TLC-FID  A-TLC! and GLC agreed reasonably weII but
there was no clear precision improvement with use of cholestane internal standard  average
coefficient of variations were 11.3, 9.8 and 11.0 for IS-TLC, A-TLC and GLC respectively!,

The purpose of this work was to examine the use of alumina rods for the quantitative
determination of cholesterol ln marine-based food product, caviar, and to compare accuracy and
precision of results from TLC/FID using alumina rods, silica S-III rods and GLC.

MATERIALS AND METHODS

An latroscan TLC-FID Mk-IV apparatus was obtained from RSS Inc,  Costa Mesa, CA!, Silica
S-III and Alumina A rods were used. Data handling was effected with an analogdigitaI card,
80386-based IBM done computer and TSCAN software  RSS Inc.!. This allowed storage,
retrieval, reintegration and statistical treatment of the data.

U i hrmt h

The gas chromatography conditions were: GC-14A gas chromatograph and autosampler
 Shimadzu!, column 15 M x .32 mm i.d. 0.25 iiM film methyl silicone  Hewlett Packard!, oven
temperature 265 C, Injector and detector 295 'C, helium carrier pressure 0.5-1.0 kg/cm . A split
splltless injector was used in split mode with a 60:1 split ratio. Make up gas pressure was 0.5
kg/cm .



olvent n r a ents

All solvents were HPLC grade and were obtained from Fisher  Orlando, FL!, The chloroform
was stabilized with 0.6'%%d ethanol. All reagents were ACS grade or better.

!~m~l,q

Caviar samples  beluga, osetra, lumpfish! were obtained from Continental Gourmet imports
 New York!. The morphological characteristics of the eggs were consistent with their species  F.
Chapman, personal communication!.

Lipid was extracted by using a modified Bligh and Dyer chloroform-methanol extraction as
described by Christie �!. Saponification was done as suggested by Kovacs et al, �! method B,
Briefly, 50 mg of lipid was saponified with 2 mi 95% ethanol and 0,5 mt 50 A w/v KQH at 100 C

for 1 hour. After cooling and addition of 1.5 ml water, the unsaponifiable matter was extracted
with 4 x 2 ml hexane. The hexane extracts were pooled, the solvent removed, and the residue
dissolved in 2 ml chloroform.

The cholesterol content was determined both on whole lipid and after saponification by using
TLC-FID using both S-III and A rods and by using gas liquid chromatography. The TLC-FID
solvent systems used were hexane-ethyl ether-formic acid  96:3:1 v/v! and chloroform. Each of
these solvents were used for A and S-III rods, The elution time varied from 5 to 40 minutes.

Equal weights of cholesterol and cholestane were used to produce standard solutions
containing equivalent amounts of each compound to determine response factors, Standard
calibration curves from 1-30 gg sterol were prepared for both rod types developed in both
solvents.

RESULTS AND DISCUSSION

The response of cholesterol and cholestane on the GLC column was dependent on the carrier
gas pressure. The mean  standard deviation! response factor for cholesterol/cholestane was
0.838 �.01! at a carrier gas pressure of 1.0 compared to 0.474 �.001! at 0.5 kg/cc. The peak
shape  height/area! for cholesterol was better at the higher pressure. This is in spite of the linear
flow velocity being closer to optimum at 0.5 kg/cc for the 15 M column with helium carrier gas.

The standard curves for cholesterol on the different rods are shown in Figure 1, The curves
illustrate that the effect of solvent system was not as strong for A compared to S-ill rods. The
areas for cholesterol on A developed in either chloroform or 96:3:1 were higher than S-III
especially at low load level.

The response of cholesterol and cholestane on the TLC/FID rods depended on the time of
development, the rod type and the solvent system. Figures 2 and 3 illustrate 5 and 20 minute
developments of equal weights of cholesterol and cholestane � wg! on alumina and silica S-III
rods developed for 20 minutes in chlorofom. The response of cholesterol and cholestane
decreased with increasing Rf. This decreasing response with increasing Rf is well known �1,12!.



128 Figure 1, Standard calibration curves for cholesterol on alumina
and silica S-III rods

The S-III rods appeared to give similar response for cholestane at low Rf compared to alumina
but at increasing Rf the relative response of cholestane  response for S-Ill/response for A!
decreased. Part of this effect could be attributable to the higher Rf for cholestane on S-III
compared to the more retentive A rods. However, in some cases where the Rf on A and S-Ill
rods were slrnila, the area on the S-III rods were still lower. The response on non-developed
rods were not significantly dNerent  p>0.05, data not shown! so the dNerences must be partly
due to Rf but also to dNerences in phase thickness, particle size as well as to the differences in
the adsorptive behavior of alumina and silica.

h I r linm ffn m I

Figures 4 and 5 illustrate typical chrornatograms from spotting ca. 250 gg of whole lipid
extract on silica and alumina rods. The ability to quantitate free cholesterol in total lipids is
slightly better for aiumina rods because of the greater response at these low cholesterol levels.
The triglyceride peak on the silica S-ill rods shows partial separation on the basis of saturation.
The use of catalytic hydrogenation of samples has been shown to improve peak shape by
reducing saturation of different lipid classes to be closer to the saturated standards commonly
used �,10,13!.
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Figure 4. Beluga caviar whole lipid on alumina rod. Solvent chloroform: 30
minute development

A chromatogram of the unsaponifiable matter from osetra caviar is shown in Figure 6, It can
be seen that the reiative area of cholesterol and internal standard are quite different for A and S-III
rods, as was seen with standards. Thus, it appears necessary to create a calibration curve of
area cholesterol/area choiestane vs weight cholesterol/weight cholestane as was done by Walton
et al. �4!. Due to the dependence of area of both cholesterol and choiestane on Rf, and the
effect of solvent strength, degree of hydration, development time and tank saturation on the
velocity of migration and the Rf, it is apparent that the methodology must be rigidly standardized
to achieve reproducible results.

There was no partial separation of triglycerides on the alumina rods. A!urn!na TLC has been
reported to produce separation of methyl esters on the basis of unsaturation without added silver
 9! but these authors found no separation for triglycerides. The alumina rods did not separate
methyl esters of cod liver oil  data not shown! and thus it appears likely that there are large
differences in the chromatographic behavior of alumina on plates and the sintered glass-alumina
on the chromarods.
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Table 1 illustrates results obtained from GLC compared to silica and alumina rods for both
whole lipid and unsaponifiable matter, The results obtained for GLC were not significantly
different from A for beluga and osetra but the A rods produced significantiy higher numbers for
lumpfish. Although Walton et ai, �4! suggest a 40 minute development time in 97:3:1  hexane-
ether-formic acid!, under the conditions of this study the cholestane standard was overdeveloped
in 35 minutes and had run off the top of the rod.

Table 1, Comparison of Different Methods of Determining Cholesterol

~Mt' Beluga Osetra Lumpfish
Whole lipid
Alumina 151 �7! 164 �8! 171 �5!

Unsaponmables
S-Ill 422 �3! 579 �9! 516 �7!
Alumina 378 �3! 455 �0! 489 � 0!
GLC 342 �7! 404 �6! 303 �8!

mean  standard deviation!, 10 rods in duplicate cholesterol mg/100g sample wet weight
different letters within column indicate p<0.05

CONCLUSIONS

The difference in polarity between cholestane and cholesterol causes problems when using
cholestane as an internal standard because of the vastly different response factors. This problem
is more severe with S-Ill rods compared to alumina. Results from GLC compared better with
alumina rods compared to silica when used without correction factors.
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FACTORS AFFECTING SOLVENT EXTRACTION EFFICIENCY
IN FISH LIPID ANALYSIS

Beizahet Trevino and Chong M. Lee, Ph.D.
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Fish oil is considered as an important source of nutrient because of its health benefiting effect.
A correct measurement of fish oil content is important not only from the nutrition stand point of
view, but also for the seafood industry wheremuch of trade is often based on the fat content of
the fish. However, there is no officially recognized method which gives aconsistent, yet reliable
result. There are many dlfferenttechniques available �, 4, 5, 7!, mostly based on solvent
extraction, some of which have been modified for improvement �!. This is the reason why there
are so many conflicting data published on the fat content. In order to find out what causes such
discrepancies in the fat content data, a study should be conducted to investigate the effect of the
type of solvent used, the solvent to sample weight ratio, and the solvent ratiowhen a mixed
solvent system is used. Recently, in our lab we have demonstrated that the solvent ratio and the
sample tosolvent ratio sign Tiicantly affected the total fat extracted and also that in a given solvent
system, the extent of extraction varied with the type of fish �!. The objective ofthe present study
was to closely examine various underlying factors involved in fish lipid extraction using Atlantic
mackerel  Scomber scombrus! as a representative fatty fish species. Through understanding of
the interrelationship among these factors, a simple, rapid, and reliable solvent extraction method
can be developed for the determination of the fish lipid content in a single extraction.

MATERIALS AND METHOD

Preparation of fish paste

Fresh mackerel  Scornber scornbrus! fillets were run through a Baader Deboner machine
 Model 694, North America, New Bedford, MA! to obtain bone and skin free mince. The mince
was mixed uniformly with n-propyl gallate and EDTA  Sigma Chemical Co., St. Louis, MO!,
vacuum packed in cryobags and stored frozen at -20 C to prevent oxidation.

Lipid extraction

Fifty mIIIIIiters �0 ml! of a solvent mixtures:chloroform, methanol and water  CHL, MEOH,
H20! were added to 5 g of fish mince. The sample and solvent were blended for 1.5 min using
a 100 ml Waring blender equipped with a rubber cap having a vent to release vapor, Caution
was taken not to allow any leak during blending. The homogenate was vacuum filtered using a
vacuum filter funnel. The filtrate was collected in a graduated separatory funnel and varying
amounts of water in the form of 0.5'lj'. NaCI solution were added to separate the CHL layer. NaCI
was added to prevent emulsion formation by neutralizing electrostatic repulsion necessary for
emulsion stability. The total volume of the CHL layer was measured and 10 rnl of the CHL layer
was collected in a 20 ml beaker and evaporated on a hot plate at a low setting. The remaining
was weighed as lipids. The lipids content,
was expressed as either lipid extracted or lipid content using the following formula:

 fat in 10 ml CHL!  Vol of CHL Layer!
Lipid Extraction  LE! =

 Dry Sample weight! �0 ml!

where lipid content was calculated on a wet sample weight basis,
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Variation in the solvent composition

The solvent ratio was varied from �5:50:5! to  95:0:5! at the constant volume �ml! of water
phase, where 45:50:5 is equilvalent to 50 ml solvent mixture composed of 22.5ml MEOH, 25ml
CHL and 2,5ml H20. This is based on the condition that 5g sample contributes at lest 2.5ml H20
to the solvent. The water phase was varied from �0:50:40! to �5:50:5! at the constant volume
�0rnl! of methanol phase by adding an appropriate amount of water to the sample [e.g. 1,7ml
to 5 g sample �6% moisture!] to give 10% water phase, where [91,7ml + 3.3ml  sampie
moisture! J in 50mi = 10%. The solvent to sample ratio and the 0,5% NaCI solution were kept
constant at 10:1 and 20 ml, respectively.

Variation in solvent to sample ratio

The solvent to sample ratio was varied from 1:1 to 14:1. Solvent composition and the
amount of added NaCI solution were kept constant at 75:20:5  CHL:MEOH:WATER! and 20 ml,
respectively.

Variation in the amount of added water during phase separation

The amount of added water �.5% NaCI solution! was varied from 5 to 30 ml which allowed
a biphase giving solvent ratios from 72:19:9 to 49:13:38. The solvent composition and the solvent
to sample ratio were kept constant at 75:20:5  CHL:MEOH:WATER! and 10:1 respectively.

RESULTS AND DISCUSSION

Variation in the solvent composition

The variation in the solvent composition is illustrated in Fig, 1 using a CHL-MEOH-WATER
ternary diagram. The horizontal marked line shows the variation in CHL and water having MEOH
constant at 50%, This variation was made in an attempt to determine how lipid extraction is
affected by moisture adjustment as one of the critical requirements for complete lipid extraction
in the Bligh and Dyer method  Bligh, personal communication!. The effect of this variation shown
in Fig. 2; there was some increase in LE with an increase in the water level of the sample from
74.6% to 85.5% �.7 ml to 6.7 ml water added to 5 g sample!, however, beyond the 85.5%
moisture level  point "B" in Fig.1! LE decreased markedly with a further increase in the moisture
level. From this observation, the moisture adjustment does not appear to be necessary when the
wet sample  moisture content ranging from 58 to 75%! is used, In the case of a dry sample, it
would be logical to hydrate it to the level as suggested before solvent extraction. The reason for
the decrease in LE could be explained by the increase in the polarity of the solvent mixture by
the increased addition of water Ackman and Eaton �! found that a great percentage of the lipids
in mackerel is composed of non-polar Iipids, basically triglycerkles, It is understandable that the
higher the polarity of the solvent mixture, the less extracting of the non-polar lipids. The diagonal
marked line in Fig. 1 indicates the second part of the variation of the solvent composition, where
CHL and MEOH were varied with the water level constant at 5%. The effect of this variation is
shown in Fig. 3: LE increased with an increase in the CHL and a decrease in the MEOH
fraction until it reached a maximum at the solvent mixture of 75:20:5. Based on the same
principle as explained above, the increased LE with an increase in the CHL level can be explained
by the decreased polarity. The non-polar lipids, namely, tnglycerides, should be thus extracted
more efficiently as the polarity decreases. As the point reached the solvent mixture of
75:20:5  point "A" in Fig. 1!, the solvent can no longer take additional CHL without having a
biphasic state. Bligh and Dyer �! reported that the monophasic state Is necessary in order to
achieve an efficient lipid extraction. The rnonophasic state provides more contact areas for
extraction which helps the solvent to act on the Iipids, thus explaining the decrease in LE with an
increase in CHL fraction beyond the point of 75:20:5.
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Variation in the solvent to sample ratio

Fig. 4 shows the effect of increasing the solvent to sample ratio on the lipid extraction. As
the solvent to sample ratio increased, LE increased until it reached the 6:1 ratio where the
maximum LE was achieved. At the ratios higher than 6:1, there were no further increases in LE.
lt was interesting to see that the ratios below 6:1 were not able to extract all the lipids in one
single extraction and needed a second or third extraction in order to achieve complete extraction.

Variation in the amount of added water during phase separation

In Fig. 5, a ternary diagram shows the variation in the amount of water added �.5% NaCI
solution! for phase separation. The more water added to separate the CHL layer, the doser the
system gets to the 100% water corner as the arrow indicates. Fig, 6 shows the effect of water
addition on the lipid extraction and the separation time. There was no signicant effect of the
volume of water on the LE. This means the CHL-lipid phase is separated from the water-MEQH
phase so long as the system is in the biphasic state no matter at what point it lies. As to
separation time, with an increase in the amount of water added, the separation time increased:
the higher the volume of the water added, the higher incidences of emulsion formation, resulting
in a longer separation time. Woyewoda, et ai.  8! mentioned the problem associated with the
emulsion formation during the solvent extraction of lipids from the fatty fish species.

CONCLUSION

Maximum lipid extraction from the Atlantic mackerel �-25%lipid; 58-75% moisture! was
achieved in a single extraction withsolvent mixtures ranging from 65:30 to 75:20  CHL:MEOH! at
a1:10 sample to solvent ratio � g sample to 50ml solvent!. Under this extraction condition,
adjustment of the moisturecontent on wet samples was unnecessary. The yield of lipklextraction
increased with an increase non-polar to polar solventratio until lt reached a biphase. Maximum
lipid extraction canbe achieved with a high ratio of non-polar to polar solvent. Ahigh solvent to
sample ratio was required for a corn pleterecovery of fipids in a single extraction. The volume of
wateradded for the separation of the chloroform layer should beminimum for a short separation
time.
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FIG. 3. SOLVENT COMPOSITION ON LIPID EXTRACTION
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