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A Research Note
Properties of Dark and Light Tissue from Horse Mackerel 

(Trachurus murphyi) 

M. RUTMAN, J.M. AGUILERA, and G. BISSO 

ABSTRACT 
Mechanical and physical properties of light and dark tissues from
horse mackerel (Trachuns murphyi) were determined for tissue sep-
aration. Raw dark tissue was 1.8 times harder than raw white (1.4and 0.79 kg-f/g, respectively). Hardness after heating to 20"C de-
creaed slightly but it increased sharply to avalue of about 2.4 kg-f/g at 40*C. Tensile strength of the skin was highest at 30'C and a large
reduction in the shearing force of the interfibrillar matrix (connective
tissue) was also attained at that temperature. Pieces oi light muscle 
were denser (d = 1.082) than those of dark tissue (d = 1.059) and 
relative separation was attained based on terminal velocities. Heatingat 30"C appeared adequate to implement future mechanical disruption 
processes. 


INTRODUCTION 
SKELETAL MUSCLE is composed of lottg, narrow, multi-
nucleated cells or fibers which differ in pigmentation depend-
ing on physiological functions. In fish, the dark musclelocated superftcialy, particularly around the lateral line, and

is 

concentrates towaius the tail region. A thin layer of interme-
diate fibers usually separate- the dark from the light fibers,
compartmentalizing both types of muscle. 

Horse mackerel or jurel is a pelagic fish important for the
Chilean fishing industry, that ranked third in the world in an-
nual catches in 1984. Over 90% of the four million tons of 
fish landed that year went into meal production, making Chile 
the largest exporter inthe world. A recent trend in low-quality
fish utilization is to separate valuable components and restruc-
ture them into human foods (Rutman and Bitran, 1984), surimibeing an excellent example (Lee, 1984). In a typical adult 
spe an excellentsempkeelte yie, 19 leting.In i a u ltspecimen of horse mackerel the yield in filleting is around 45%
with a proportion of 12% dark and 88% light tissue. Light
muscle has an average of 1.8% lipids (4.4 times less than thedark tissue), a higher content of saturated fatty acids (IFOP,
1983), and is also more stable and appealing to consumers 
than dark tissue (Love, 1974). 

The objective of this work was to study some technologicalbases to develop industrial processes which effectively separate 
light and dark tissues of horse mackerel. 

MATERIALS & METHODS 


Fish 

Horse mackerel, Trttchuttn urphvyi (35.-45 cm length) were caught 

off the port of San Antonio incentral Chile by artisan fishermen. Lessthat 10 hr elapsed froa the time the fish were caught until they werefrozen to -24"C. Headed and gutted fish were kept in a freezer atthat temperature until needed (less than 2 months). Thawing was per-formed at 5"C for 17 hr. For histologcal studies (not presented here),
only refrigerated samples were used. 

-,, 


Authors Rutman, Aguifera, and Bisso are with the Dept. ofChemical Engineering, Universidad Catilica de Chile,
P.O. Box 6177, Santiago, Chile. 

Effect of temperature 
Small pieces of light and dark tissue sampled from each third along

the main axis were incubated for 20 min in test tubes with water at 
15, 20', 300, 350 and/or 40"C. The incubated pieces were removed
from the tubes, blotted in paper towel to remove excess moisture and
centrifuged at 5()txg for 20 min. Water-holding capacity (WIlC) ofthe incubated portions was calculated as the percent total weight re
leased as liquid after centrifugation. Thin sections (7-10 tim) from
representative samples were treated with picrofucsin for collagen staining
and optical microscopy (vatn Gieson, 1889). 

Textural characteristics 

Portions (15-2t0g) of whole fish (including light, dark tissue and 
skin), as well as light and dark muscle, were incubated in a 1%(w/v) NaCI solution at 21r, 3r, and 40°C. These samples along with an 
unheated control were assayed for hardness in a It1cm2 OTMS s'n
dard cell attached to an Instron Universal Testing Machine under tile
following conditions: crosshead speed: 5cm/min; paper speed: 2cm/min; force range: 0-200 kg-f.Portions of white muscle were tested for intercellular softening byshearing apiece of muscle (with the fibers perpendicular to the shear
ing force) between a moving and a fixed flat surface. The force re
quired for failure divided by the weight and contact area of the sample
was expressed as a shear force (g-f/g cm2). Pieces of skin cut into
dumb-bell shapes were assayed for breaking strength in the tnstron
uader the following conditions: Crosshead and paper speed: 10 cm/
min; force range: 0-10 kg-f. 

Physical and chemical characterization 
Proximate nalyses of boith types of muscle were performed ac

cording to AOCS (197)); protein was expressed as Nx6.25. Muscle
density was determined by flotation according to Matsumoto etal.(1980). Determination of terminal settling velocity as a function of 
si,,e
and shape was based on the experimental arrangement proposedby Ilottovy and Sylvester (1979). Particles cut into different shapes
settled in a 1.4 m long, 7.5 cm diameter glass tube filled with water 
at 20"C. 

RESULTS & DISCUSSION 

Tissue characterization 
The diameter of most white muscle fibers varied between30 and 80 :.Lm while dark muscle had appreciably smaller fi

10-30 range 
bymicroscopysheets ofstudies.connectiveIndividualtissue ormusclemyocommatafibers were separated., 

bers, mostly in the i..in as evident from light 
which were 

bypshets o connt is r myocomit ich werapparently more abundant in dark than in light tissue. Similarstructural characteristics are common to a wide range of vertebrate fish species (Howgate, 1979). Also, the fatty layerunder the skin appeared to be thicker in areas surrounding the 
dark portions. 

Chemical composition of the light tissue was different from 
that of dark portions andsuch as halibut. Lipid more similar to that of a lean fishcontent in dark tis'ue was over fourtimes that of light muscle (26.9% and 5.9% d.b., respectively)
and protein lower (67% versus 83%, d.b., respectively). 
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Effect or heating on tissue disruption 
Raw dark tissuc was 1.8 times harder than raw white (1.4and 0.79 kg-f/g, respectively; Fig 1). Hardness decreased slightlyat 20 *C but increased sharply until a value of about 2.4 kg-f/g was reached for both samples at 400C. Total hardness de-ternined with the OTMS cell measured the simultaneous effectof compression, shear and extrusion on a composite biologicalrmalerial forned by nuscle fibers enshrouded in connectivetissue. Fish collagen is less heat stable and more soluble thanmammalian collagen, so thermal shrinkage and denaturationof fish collagen occurs at lower temperatures. Heating causesa progressive softening of collagen in the connective tissue anda simultaneous toughening of the myofibrils (Dunajski, 1979;Eide c al., 1982). Eventually, at 400C most of the collagenhad softened and the muscle fibers remained as the sole struc-
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Fig. 2- Terminal velocityof pieces of white and dark tissue fromhorse mackerel in water at 20"C 

tural elements in both tissues, explaining the similar hardness 
value. Denaturation of myofibrillar proteins was related to adecre'ase in the WHC of the tissue, expressed as water loss,which was 2% at 20°C, 5% at 30°C and 9% at 400C.Disintegration of tissue into intact fibers was favored bydegradation of the cementing collagen. Softening of the interfibrillar matrix by heating was easily verified qualitatively byrubbing a piece ol' tissue between the thumb and the index.The ttop-to-bttllom shearing induced by the apparalus previously described simulated this action satisfactorily as the piece-lways disintegrated along the interfibrillar matrix. Shearingforce for white muscle as a function of temperature ispresentedin Fig. i. White muscle rapidly lost resistance to shear in thetemperature range 20-30'C probably due to the following effecls: (I) denaturation of collagen (Sikorski et 
 al., 1984); (2)

breakdown of connective material by lyosomal enzymes that
exist in high concentration in this tissue (Steiner et al., 1984);
(3) some structural breakdown brought about during freezing.The effect of temperature on the tensile strength of the skin 

also 	shown in Fig. 1. Maximum strength was achieved at30°C, which is in accordance with Love et al.report that the skin of Chionodraco katldeenae, (1972) whofish, 	 was stronger between a cold water23-29*C. Based on the present 
findings and the need to preserve as much functionality of thefish protein as possible, heating at 30'C appeared to be adequate to effect satisfactory modifications in the physical prop

of the main tissues of horse mackerel to implement future 

Separation 
After disruption, separation of the different components,

mainly light from dark tissue, must be effected. Density of 
pieces of light and dark muscles were 1.082 ± 0.002 and
1.059 ± 0.002 g/cc, respectively, which paralleled the fat 
content. The density of the light tissue was slightly higher thanthat 	 reported by Japanese workers while that for dark tissuewwas similar (Matsumoto et al., 1980). Based on this densitydifference a water classificaton system was used and the relationship between the terminal velocity and particle diameter 
for both tissues is shown in Fig. 2. All particles of white
muscle larger than 1.20 cm were separated from dark pieces
ranging in equivalent diameters from 1.0 to 1.80 cm. Althoughclassification inwater based solely on density differences maybe a crude pre-separation step, more refined techniques couldbe used to accomplish further fractionation, among them, classification in a medium of intermediate density, centrifugationand/or color sorting techniques. 

CONCLUSIPNS 
THERE WERE important mechanical and physical differencesbetween different tissues in horse mackerel which may be furexploited to recover intact pieces and/or fibers. Further 

should be done on the effect of other variables (pH, saltconcentration, use of enzymes) on tissue separation and on thefunctionality of separated muscle. 
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INTRODUCTION 

Horse mackerel (Trachurusmurphy!) Is an abundant pelagic fish of 
the Pacific coest of South America. The annual catch of approximately 2.4 
million tonnes constitutes about 40% of all fish landed in Chile, and nearly 

92%Is processed Into fIsh meal. 

Several alternatives have been proposed to better utilize fish by
catch and pelagic 
 fish presently used for meal production, including:
 
salting (IDRC,1902) mincing (Grantham, 1981; 
 IDRC, 1902), mincing
salting (Nair and Gopakumar, 
 1986) and mince preserved by combined 
methods (Aguilera et al., 1991). Recently, the alternative of utilizing these
 
resources 
in surimi production has also been advocated (Min et al., 1982)
 
but results do not look too promising at present due to low yields and poor
 
quality products (Suzuki, 1986). Another approach, Is to fractionate the 
tissue into fiber bundles or individual muscle fibers and use them in 
restructured products (Rutman et al., 198). This latter approach requires 
a sound scientific basis regarding the effect of processing variables, such 
as pH and temperature, on the separation of individual fibers in the 

tissue. 

The flesh of a typical bony fish is constructed of adjacent muscle 
blocks called myotomes, separated by thin membranes known as 
myocommata, which composedare of connective tissue. The myotomes 
contain muscle fibers which run approximately parallel to the long axis of 
the fish, each being surrounded by a membrane containing thin collagenous 
fibrils. The connective tissue of the myocommata fibers is to a large 

01 



3 
extent responsible for the Integrity of fish tissue. I' the myocommata has 
been weakened (e.g., by handling or freezing) the myotomes separate giving 
rise to a textural defect known as gaping (Sikorsky et al 1984) which 
depends on temperature, pH and salt concentration (Dunajski, 1979). Love 
et al. (1972) showed that the breaking strength of cod myocommata 
decreased significantly with an Increase in temperature in the range of 
20-350C. Heating is also known to partly dissolve the interfibrillar 
collagen in muscle (Asghar and Henrickson (1982) which in the ofcase 

fish Is less abundant than in beef and 
 appreciably less heat stable 

(Sikorski et al., 1904). 

Muscle tissue can be physically modeled as a composite of parallel 
semi-rigid rods (fibers) bound together by an gel-like interfibrillar matrix 
of connective tissue. As discussed above, the low connective tissue 
content of fish leads disintegration ofto easy fish flesh on heating, 
leaving the muscle fibers theas main textural elements in heated fish 
tissue. Because of this, most popular texture testing instruments are not 
adequate to study the mechanical properties of fish muscle 
(Dunajski,1979). One alternative to study changes in the composite 
connective tissue/ fibers would tobe measure the force necessary to 
induce the flow In the interfibrillar gel matrix, with minimal disruption of 
the fibers. A back extrusion assay consists of a solid rod which is thrusted 
downward into a cylindrical cup containing the sample, inducing material 
to flow in the direction opposite to the movement of the descending rod. In 
the case of gels, there is an abrupt change in the slope of the force 
deformation curve caused by the initial rupture of the material (Steffe and 
Osorio, 1987). If the tip of the plunger is designed as a cylindrical rod 



4 
pressing down on a flat sample, significant flow can be Induced (Agulera 

et aL., 1985). 

The objective of the present work was to assess the effect of time, 
temperature and pH on the mechanical properties of horse mackerel tissue. 
To accomplish this objective a texture cell had to be developed which 
adequately accounted for the simultaneous softening of the matrix and 
toughening of the fibers. 

MATERIALS AND METHODS 

Materials 

Bled headed and gutted horse mackerel (Trachtus mnurp,yf ) were 
obtained from day boats in San Antonio (lat. 33040 . south) and transported 
to the laboratory on ice (aprox. 120 km) within 6 - 0 hr from being caught. 
The size of 10 fish ranged from 35 -40 cm and the weight from 690 - 780 
g. In the laboratory they were washed with cold water, placed in 
polyethylene bags and kept refrigerated at 40C for 24 hr. 

Each assay consisted of three replicates of light or light/dark (mixed) 
tissue (without skin) cut with a template from the same zone, as 
illustrated in Figure 1. Dark tissue alone was not evaluated due t0 the 
small size and irregular shape of the muscle. The average weight of 
samples was 8.4 g. 

Experiments on softening of interfibrillarmatrix 
Tissue samples were incubated in 250 mL beakers with 150 mL of a 

saline solution (1% NaC w/w) pH and 300C inat 5.7 a K-otterman 



5 
controlled-temperature bath for 15, 30, 60 and 120 min. Contents were 
rapidly cooled in a ice/water bath and the beakers kept for approximately 
I hr in a 22 0C before texture measurement. Tissue samples to study the 
effect of temperature on softening of Interfibrillar matrix were Incubated 
in the same experimental set-up for 30 min at constant temperatures of 
20, 30, 40 and 50 0C. Similarly, the effect of pH was assessed at a 
temperature of 30 0C in a 0.2 M phosphate-citric acid buffer at the 
following average pH values: 2.9, 3.0, 4.5, 6.0, 7.0, and 6.I. 
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Texture cell 

The cell designed to assess the effect of time, temperature and pH on 

softening of the interfibrillar matrix is presented in Figure 2. It was 

constructed in transparent (poly)-methyl methacrylate and was based on 

the principle of compression and flow. The descending plunger compresses 

the sample to a point where flow starts (yield point) due to failure of the 

interfibrillar matrix. The annulus available frx extrusion or flow was 3.5 

mm and the cross section of the cavity 26x30 mm. The cell was attached 

to an Instron Universal Testing Machine model 1122 (Instron Corp., Canton, 

MA). 

Texture measurements 

Samples were placed at the bottom of the cavity with fibers oriented 

along the main axis and the anatomical upper part of the muscle facing 

upward. This arrangement minimized shearing of fibers by the descending 

plunger. In light/dark tissue the dark part was first to contact the plunger. 

Test conditions were: Crosshead speed, 5 cm/mln; chart speed, 2 cm/min; 

force scale, 15 kg; plunger return: 3 mm from the bottom of cavity; 

temperature, 220 C. A typical force-deformation curve is represented in 

Figure 2. 

RESULTS AND DISCUSSION 

A typical force-deformation curve for a texture assay is presented In 

the inset of Fig. 1. A yield point was clearly identifiable by.a brake in the 

Initial slope of the curve and represented the onset of extrusion (Bourne, 
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1982; Borresen and Alsted, 1903). This phenomenon was corroborated by 

visual observation of initiation of the upward flow of material. Hence, the 
force at the yield point was considered as a good indication of the breaking 

strength of the interfibrillar matrix. No major disruption of the fiber 

arrangement was observed to occur at this point. 

Yield point values as a function of the weight of sample for light and 

mixed tissue are presented in Figure 3. The weight of samples of mixed 

tissue and the force values were generally higher than those of light 

tissue. Szczesniak et al. (1970) reported that the maximum force (F) for 

different foods tested in texture cell had a different dependence ol sample 

weight (W) depending on whether compression, extrusion or shear was the 
predominant mechanism. A model of the type F =B W11 (B,n constants) was 

developed for a cell where compression and shear was important, with n=O, 
1, or 2 for extrusion, shear and compression, respectively. Results 
reported in Figure 3 for 24 points of light and dark/light tissue followed 

the relationship F =200.0 WI .2109 (R= 0.95). Hence, in testing to tile yield 
point the predominant mechanisms appear to be compression and shear of 

the interfibrillar matrix. 

Figure 4 shows the dependence of the yield point for mixed and light 
tissue on incubation time at 30°C. The purpose of this set of experiments 

was to determine an appropriate time for the temperature and pH 
experiments. Yield point values for the mixed muscle were higher than 

those of light muscle, a result which Is in agreement with Rutman et al. 
(1988). This result is also in accordance with the histological 

characteristic of the dark muscle which is made up of fibers with sma'ler 

14



a 
diameter (10-25 jim) than light tissue (50-70 jgm), resulting in a more 
compact structure having a higher proportion of connective tissue (Love, 

1980), typical of "slow" or dark muscle (Kovanen et al., 1900). Both curves 

showed maximum yield points after 60 min of incubation time. The 

difference in yield points of light and mixed tissue increased up to 60 min 

incubation time due to gradual softening of the connective tissue. However, 

the difference was smaller after 2 hr of incubation at 309C due to 

solubilization of most of the collagen in the dark tissue resulting in a final 

strngth similar to that of light tissue. (Sainclivier, 1983). Another 

mechanism of softening may he the hydrolysis of connective tissue by 

endogenous proteases which act optimally at around 250C (Gildberg and 

Raa, 1979). It is also expected that even at 30°C, long term incubation 

would induce toughening of muscle fibers (Dunajski, 1979). 

The effect of incubation at different temperatures on the yield point 

are presented in Fig. 5. Here the phenomena of collagen solubilization, 

denaturation and softening on the strength of the interfibrillar matrix are 

clearly noticed. An abrupt transition orcurs in the range 30-400 C. Above 

400C all the collagen has been solubilized and both tissues show similar 

mechanical properties, which are about 70% of the control. At this point 

the fibers are the main structural elements left in both tissues, hence 

there are no differences in yield points. Based on this diagram a 

temperature of 300C was chosen for the incubation procedure leading to 

fiber separation. 

Drastic changes in yield point were found when pH was the chosen 

.variable, as shown in Fig. 6. A large shift in yield point, value is noticed 
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between pH 4.5 and 6.0. Probable mechanisms contributing to these large 
effects of pH are: changes in the water holding capacity of fibers, 
solubilization of collagen and changes in proteolytic activity of 
endogenous enzymes. The isoelectric point of actomyosin is 5.0-5.1 
(Sainclivier, 1983) and water holding capacity is minimal at this point. 
Below pH 4 lIpids and pigments were removed during incubation, a result 
similar to that reported by Eide et al., (1902) in studies with capelin 
(tMallotus villosus). 
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FIGURE LEGENDS 

Figure 1.Location and size of samples in horse mackerel 

Figure 2. Testing cell and typical force-deformation curve 

Figure 3. Relationship between force at yield point and weight of sample 
for light and mixed tissues. 

Figure 4. Effect of time of incubation at 300C on yield point of light and 
mixed tissue. 

Figure 5. Effect of temperature on yield point of light and mixed tissue 
incubated in saline-solution (buffer pH 7.1) for 30 min. 

Figure 6. Effect of pH on yield point of light and mixed tissue Incubated In 
saline solution at 30 0C for 30 min. 
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