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ABSTRACT

The red crab Pleuroncodes planipes, commonly called “langostilla,” is arguably the most abundant benthonic
decapod of west coast Mexico, with natural productivity estimated at 735,000 metric tons/year. At the present
time, it has not been exploited commercially. The implementation of a new fishery in Mexico, based on the
capture of red crab, offers diversification of the fishing industry. In this work, a raw extract of langostilla,
obtained by mechanical pressing of the whale organism, was analyzed as a potential feed ingredient or additive
for cultured marine species. The lyophilized red crab extract possessed: 1} enzymatic activity of protease, trypsin,
amylase, and lipase; 2) no inhibition of serine-proteases; 3) antioxidant capacity against lipoperoxidation and
superoxide ions produced by xanthine oxidase reactien; and 4) activity of insulin-like peptides. The amino acid
profile shows high levels of arginine, lysine, and methionine. The chemical score of extract protein was
compared with M. japonicus larvae, whole body fish tissue, and short-necked clam tissue. The digestibility of
the product was 95% taking purified casein as reference. Thesa biochemical and nutritional characteristics are
discussed. Thase results offer a new use of red crab and the potential of a new fishery in Mexica.
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RESUMEN
La langostilla roja Pleuroncodes planipes es posiblemente el decdpodo benténico mas abundante de la costa
oeste de México, con una productividad natural estimada en 735,000 toneladas métricas al afio, sin embargo este
recurso adn no ha sido explotade comercialmente. En este trabaja el extracto crudo de la langostilla, obtenido por
prensade mecanico def organismo completo, es analizado como un ingredients potencial o aditivo alimentario
para la nutricion de especies marinas en cultivo. El extracto liofilizado de la langostilla demostré poseer i)
actividad enzimatica digestiva de proteasas, amilasas y lipasas, i) ausencia de inhibicion de proteasas de tipo
serfnico, iii) actividad antioxidante hacia la lipoperoxidacidn de tejido cerebral de rata y de los iones supertxido
producides por la reaccién de [a xantina-oxidasa, iv} actividad de péptidos tipo insulina. El perfil de aminoacidos
presentd niveles altos de arginina, lisina y metionina. El cédmputo guimico de la proteina del extracto fue
comparada con proteina de larva M. japonicus, tejidv completo de pescado y de almeja. La digestibilidad del
producto fue de 95.7% tomande la caseina purificada como referencia. Estas caracteristicas bioguimicas y
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nutricionales y su relevancia se discuten en el trabajo. Estos resultados abren (g perspectiva de la captura de

langostilla como una nueva actividad pesquera en México.

Palabras clave: Pleuroncodes planipes, langostilla, nutriciéin, crustdceos, pesqueria mexicana.

INTRODUCTION

Researchers at the Centro de Investigaciones Biologicas
del Noroeste (CIBNOR) in Mexico have been studying the bio-
logy, ecology, and use of the langostilla red crab (Pleuronco-
des planipes)for 13 years. Red crab may be the most abundant
henthonic decapod of Mexico. Ehrarhdt and Ramirez (1982) es-
timated productivity at 205,000 metric tons, but more recently,
Aurioles-Gamboa et a/,, (1995) reported productivity of 735,000
metric tons/year for the coasts of the Baja California peninsu-
la. Presently, it has not been commercially exploited in Mexi-
co. They proposed that 40,000 tons of bento-pelagic
langostilla/year could be captured during the initial phase of
the fishery without negatively impacting the resource and still
generate a sustainable fishary that provides a sufficient bio-
mass for industrial use.

[n fishing terms, the west coast of southern Baja Califar-
nia has been exploited for ahalone, lobster, clam, sardine, and
tuna, There is considerable interest in implementing a new
fishery in Mexico. The capture of langostilla offers diversifi-
cation of fishing activities, with the possibility of generating
additional employment and attracting foreign currency and
investment to this region of Mexico (Civera st al., 1998).

The uses of langostilla will depend mainly on their size,
Langostilla presents three main phases: pelagic, bentho-pela-
gic, and benthonic, and all phases can be found throughout
the year (Civera et al, 1998). Aurioles-Gamboa et af, {1995}
suggested that the fishery should focus on the capture of
benthonic populations that are over 32 mm {cephalothoracic
length) for the production of fresh-frozen tail for human con-
sumption, as occurs in Chile. The by-products {cephalothorax
and exoskeleton) could be used to obtain meals, enzymaes,
pigments, and chitin that could be used as additives to halan-
ce feeds (Civera et al, 1998). Langostilla {22-32 mm cephalo-
thoracic length} that populate the continental platform can be
exploited. To avoid depletion of the resource, the recommen-
ded period for capture is April-September {Auricles-Gamboa
er al, 1995). The smaller langostilla could provide diverse
food products, pharmaceuticals, biotechnological ingre-
dients, and aquaculture feed (Spineili of af,, 1974; Civera et a/,,
1998).

Major capital investment would be required to prevent
rapid decomposition of whale langostilla at ambient tempera-
ture. Therefore, we considered as alternative strategy to

study the characteristics of the body fluid obtained by mecha-
nic pressing immediately after capture. The single-step pro-
cess produces two fractions, body juice and pressed mass.
The pressed mass can be used to obtain flour, pigments, and
chitin {under study) and the body juice as a food additive. The
goal of the present study was to characterize the body juice
extract of langostilla as potential food additive. In the marine
environment, langostilla is an attractive prey for many marine
species {Aurioles-Gamboa et al, 1995), since langostilla con-
tains considerable protein content {Civera ef a/., 1998}.it also
has a relative heavy exoskeleton, which decreases protein
content of whole langostilla. It has a relatively hig cephalot-
horax that includes ocular peduncules {site of hormone synt-
hesis} and large digestive gland (hepatopancreas) that is rich
in enzymes, lipids, and other nutrients. These characteristics
supported our hypothasis that langostilla extract {exoskeleton
free} has high protein content, digestive enzymes, hormones,
oils, pigments, and other nutrient component, and has value
as a food additive in aquaculture.

The longer-range goal of this study is to develop techno-
logiss for the integration and expansion of uses of langostilla,
while promoting a sustainable commercial fishery of this
abundant marine resource, Additionally, diversifying fisheries
along the Pacific coast would reduce pressure on current
commercial species.

MATERIAL AND METHODS

Langostilla were captured in March 1999 and April 2000
with a shrimp trawler boat (450 hp), BIP 1I, with a shrimp traw-
ler net at a depth of 50 m in Magdalena Bay, on the Pacific
coast of Baja California Sur. Langostilla were maintained alive
condition at 8°C until the trawler reached San Carlos harhor,

The langostilla extract was obtained by mechanical
pressing (manual screw press} of whole langostilla. Langosti-
lla total extract {LTE), yielding an average of 420 ml of extract
per kg of whole fangostilla, was frozen and stored at -40°C un-
til further processing. For analysis purposes, LTE was thawed,
then centrifuged (centrifuge Eppendorf 5804R, Germany) at
3,000 g for 5 min to separate big tissue particles and other un-
desirable particles, such as sand {product of the capture). LTE
was then lyophilized (Virtis Benchtop, Gardiner N.Y. USA)
{conditions: 20 h, -48°C, 46 MT}, and the product (LLTE) stored
at -10°C until used.
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The proximal analysis {dry matter, crude protein [N x
6.25], crude fat, ash, crude fiber, nitrogen free extract) of the
LLTE was performed according to AOAC (1990} standards.
Gross energy was measured with an automatic calorimeter
{Parr [soperivolt 1261, U.S.A.).

The activity of nonspecific proteases in the LLTE was de-
termined by using 2.5% azocasein as substrate and LLTE (500
ma/ml}, as described in Vega-Villasante et al., {1995).

Amylase activity of the LLTE was measured by using so-
luble starch {1%) as substrate as described by Vega-Villasan-
te et al, {1983). Lipase activity was determined by using
h-naphthyl caprylate as substrate, according to the method of
Versaw et alf,, (1989). Determination of serine-type inhibitors
in LLTE, which are stahle in trichloroacetic acid {TCA), was
performed as follows: 1 g LLTE was suspended in 10 ml of 5%
TCA, incubated 30 min at 25°C in water bath {Benchtop water
hath, YWR 1220, USA) and then centrifuged at 10,000 g for 20
min at 5°C. The pH of the supernatant was adjusted to 8.0 with
10N NaOH and centrifuged at 10,000 g for 10 min at 5°C. The
resulting preparation is called TCA extract. One volume of
bovine trypsin (1 mg/mi, in Tris-HC!, 50 mM, pH 8.0} was mixed
with one volume of TCA extract (1:1, v/v) and incubated for
different times (10, 20, 30, and 40 min) at 25°C. The remaining
proteinase activity was measured according to the method
described by Vega-Villasante et a/, {1995).

In vitra digestibility of LLTE was measured according to
the method described by Hsu et af, (1977) using an agueous
solution of LLTE with a protein concentration of 20% {p/v). Ca-
sein (SIGMA,C58%0) at the same concentration was used as
control. The digestibility was determined as the decrease of
pH units over 10 minutes. The profile of amino acids of LLTE
was determined in an automatic amino acids analyzer {Alpha
Plus 11, LKB, Sweden). The samples of LLTE were hydrolyzed
with HCI 6N and analyzed by following the methodology of
LKB Biochemicals and the standardized operation procee-
dings of PNOAC (01.001.94). The chemical score of the protein
was determined by the method described by Gallarde et 4,
{1988). The antioxidant capacity of LLTE was determined by
measuring its inhibitory activity over the spontaneous and in-
duced lipoperoxidation of rat brain homogenates according to
the technique of Ohkawa et a/. {1979). Also, by measuring the
capacity of different concentrations of LLTE {1, 5, 10, and 50
mg of LLTE/ml} to inhibit the reduction of nitro tetrazolium blue
{NBT) by superoxide radicals released by the xanthine oxida-
se reaction according to the method described by Fridovich
and Mc Cord (1969). Insulin-like activity present in LLTE was
determined by radio immune assay {RIA} according to the
method described by Gallardo (1998).

The effect of different concentrations of LLTE (1,10, 50,
and 100 pg of LLTE/ml} on growth promotion in cellular cultu-
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Tabie 1. Chemical analysis of the LLTF.

Chemical Analysis %
Dry Matter 90.0
Crude Protein (Nx 6.25} 50.8
Crude Fat 145
Ash 12.06
Crude Fiber 0.0
Nitrogen Free Extract 126
Grass Energy {kilocalaries/gram) 3,351

re of mouse (Balb-c) fibroblasts and human carcinoma cells
was measured according to the methodology described by
Florestin ef a/, {1983}

RESULTS
Chemical analysis and gross energy of langostilla extract

Lyophilized langostilla total extract {LLTE} has a high
concentration of protein and low levels of crude fiber. The
chemical analysis and gross energy of LLTE is shown in Table
1. In Figure 1, protease, amylase, and lipase activities of LTE
and of LLTE are shown. Amylase was similar in both treat-
ments, whereas lipase diminishes in LETE. Protease activity of
LLTE increased.

In Figure 2, activity of bovine trypsin and bovine trypsin
incubated with TCA-extract of LLTE are shawn. No inhibitory
effect of TCA-extract on trypsin activity was found. /1 vitro di-

8
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Figure 1. General protease, amylase, and lipase activities of the
fresh extract of langostilla (LTE) and of Iyophilized LTE (LLTE). The
numaers represent the statistical differences betwsen a, b and, ¢
groups {P<0.08).
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Table 3. Chemical score of the essential amina acids of langostilla.

Aminoacids Plauroncodes Marsupenaeus Chemical Whale hody fish Chemical Shart-necked Chemical
planipes extract*  japonicus larvae (1)* Score tissue (2)* Score clam tissue(3* Score
Threonine 30 3.06 0.98 92 0.32 96 031
Valine 126 50 0.25 95 013 85 015
Methionine 7167 28 1.53 55 153 5.4 1,53
Isoleucing 154 48 032 A 0.19 6.8 0.5
Leucine 3.35 19 042 145 1] 140 0.2
Phenyalaning 8.35 47 1.35 8.3 076 17 0.82
Lysine 10.24 8.8 1.16 169 06 14.1 0.69
Thryptophan 1.2 1.14 1.06 1.7 o 27 0.44
Histidine 5.4 3.36 16 5.2 105 14 124
Arginine 8.79 84 0.98 123 on 15.5 0.56

* g of AAE/100 g of tissue protein,

(1) {Teshima et af,, 1988},

i2) Carcass EAA pattern of whale-fish tissue (Wilson y Cowey, 1985).
{3) Carcass EAA pattern of short-necked clam {Deshimaru ef al,, 1985).

are shown. Goncentration of insulin-like activity in LLTE as  for fish, shrimp head, and soy meal in feeds for shrimp Farfan-
measured by RIA analysis, was 852 pg/ml. tepenaeus califerniensis and Litopenaeus vannamei, The ef-
fect on survival and growth and in vivo digestibility of
nutrients has been measured (Civera et al, 1998). Langostilla
is a viable ingredient for partial substitution of the three meals
mentioned above. At certain levels, the replacement may in-
crease growth, increase proteolytic activity of the hepato-
pancreas and improve the digestibility of feed protein and
lipids {Civera et al,, 1998},

The effect of different concentrations of LLTE on the
growth of two populations {1x10* and 5x10°} of mouse fibro-
blasts is shown in Figure 6. A concentration of 1 pg LLTE/m!
produced the highest cell proliferation. The effect of different
concentrations of LLTE on the growth of three types of human
carcinoma cells is shown in Figure 7. None concentration
produced cell proliferation.

In seme studies, flours, extracts, or fractions of marine
organisms have been used as ingredients or feed additives.
DISCUSSION For example, squid flour seems to have a growth-promoting

Until now studies of the use of langostilla have focused
on the use of langostilla flour as a partial or total substitute
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Figure 7. Effect of different concentrations of LLTE on the grawth
of three types of human carcinoma cells. The numbers represent
tha statistical differences betwesn a, b and.c groups (P<0.05).

effect on shrimp (Cruz-Suérez and Guillaume 1987); hepato-
pancreas extracts of shrimp Litopenaeus schmitti (Hepato-
pancreatine) at low concentrations {1%) in shrimp diets
promote better weight gain in shrimp postlarvae {Forrellat-
Barrrios 1998}, and adding peptides with “insulin-like" activity
from the hepatopancreas of the lobster Panufirus argus sti-
mulated the growth of £, sehmittilarvae when given in micro-
capsulated form in a balanced conventional diet {Galindo et
al., 1995). However, adding natural feed antioxidant com-
pounds in shrimp culture is still uncommeon.

The main goal of using feed additives in aquaculture is
to increase the growth rate of cultured species. Growth-sti-
mulating substances are incorporated in very low quantities
with no special effect on composition of the diet (Forrellat-
Barrios 1998},

The broadest meaning of the term feed-additive would
include all natural or synthetic, nutritive or non-nutritive, and
physiologically active or inert chemicals added directly to
feeds during processing to perform a specific function. Exam-
ples include antioxidants, vitamins, minerals, flavoring
agents, coloring agents, emulsifiers, stabilizers, bleaching
agents, coloring agents, acidulants, nutritive and non-nutriti-
ve sweeteners, and leavening agents (Carrillo et al, 2000).

In our results, LLTE had several biochemical characte-
ristics that support its potential use as a dietary ingredient or
as a food additive.

Specifications for marine products used in aquaculiure
must include proximate analyses, despite its limited value in
predicting nutritional value of the products. Proximate chemi-
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cal composition of LLTE indicate that protein is the major nu-
trient of LLTE. Almost all growth factors identified in products
used in aqguaculture are proteins or peptides.

Digestive enzymes have been of great interest in food
additive research directed to aquacuture. Many studies have
been done on purified or unpurified enzymes in the diet of
aquatic organisms (Dabrovsky 1877; Maugle et al,, 1983; Lauf
and Hoffer 1984; Munilla-Moran et a/, 1990; Akiyama et a/,
1891; Cardenette of a/, 1993; Buchanan et al, 1997; Forrellat-
Barrios 1998). According to Carrillo-Farnés {1994), digestive
enzymes have been used as feed additives under the fuflg-
wing hypotheses: 1) they increase the enzymatic activity in
the digestive tract, 2) increase the digestibility of food, 3) ac-
tivate zymogens of endogenous proteases, 4) help gut epithe-
lium defoliation, and 5} diminish inflammatory processes. LLTE
demonstrates interesting concentrations of three types of di-
gestive enzyme proteases, amylases, and lipases, and sug-
gests that LLTE could be a good source of gxogenous
digestive enzymes for helping digestion processes. In recent
studies by Forrellat-Barrios (1398}, incorporation of a lyophili-
zed extract of the midgut-gland of Litopenaeus schmitti {he-
patopancreatine) in artificial feeds has a beneficial effect on
growth rate when added to the diet of L. schmitti larvae.

Delivering of essential amino acids for most cuftered
marine species is done by adding protein that guarantees the
minimum requirements of the animal. However, few of these
ingredients alone contribute all the required essential aming
acids. Nutrition science considers an ideal protein source to
reflect the profile of amino acids of the muscle of the species
to be fed (Guiliaume 1997). Table 1 compares the amino acid
profile of the whole body protein of langostilla (A and B) and
the amino acid profile of LLTE (C). The chemical score of LTE
protein was developed to establish tha limiting amino acids
by taking the amino acid profile of M. japonicus larvae, who-
le-body fish tissue, and short-necked clam tissue as referen-
ce. The limiting amino acid in all cases was valine with 25%,
13%, and 15%. LLTE is a good source of arginine {score of
98%), which is the first limiting aminc acid of many protein
sources used in crustacean nutrition {Guillaume 1997).

Free radicals are defined as chemical species that pos-
sess one or more unpaired electrons. The term “Reactive
Oxygen Species” (ROS} collectively describes free radicals
such as 03, OH®, and non-radical oxygen compounds such as
H;0; and (HOCI). These reactive oxygen intermediates may
participate in reactions that give rise to free radical species,
Unstable free radical species attack cellular components,
causing damage to lipids, proteins, and DNA, which can ini-
tiate a chain of events causing disease. However, organisms
possess a number of mechanisms both to cantrol the produc-

Hidrobioldgica

s s b o vl 2ol sk b 0 d Al e i



Nutritional quality of raw extract of Plewroncodes planipes

tion of ROS and to limit or repair the tissue damage (Burr
1994). Di Mascio et al, {1989, 1992} have examined the quen-
ching effects of carotenoids against 02, and reported the ef-
fectiveness of astaxanthin. Miki (1991) and Miki et af,, (1994)
revealed that astaxanthin, a common carotenoid found in ma-
rine animals, shows strong quenching activity against 05.
This guenching activity is approximately 100 times stronger
than a-tocopherol, a common antioxidant in plants and ani-
mals, Astaxanthin is commonly in ¢crustaceans in free and es-
terified form or as carotene-proteins.

Cremades et al, {2001) studying the process for obtai-
ning carotenaproteins from crawfish (Procambarus clarkii)
discussed the high content of carotenoproteins {(mainly asta-
xanthin) in this species {162.27 ug/g) (together with its con-
tent in essential amino acids and in ?-fatty acids) make it an
important protein source for the nutrition of patients needing
protein of high-quality rather than large amounts and/or an
antioxidant source, as in the case of cancer, AIDS, hepatic,
and renal patients and the elderly.

The langostilla is a resource rich in carotenoids (10.0-
16.0 mg/t00 g LLTE}, mainly in astaxanthin {about 90% of the
carotenoid content) {Castro-Gonzalez et a/,1995). LLTE is sug-
gested as a potential source of antioxidants.

LLTE showed high antioxidant activity by inhibiting lipid
peroxidation of rat brain tissue and also by inhibiting the su-
peroxide radicats produced by the xanthine-oxidase reaction.
These results suggest that LLTE, when used as an ingredient
or additive in artificial feeds, could prevent diseases of aqua-
tic organisms, which may be exposed to stressful environ-
mental conditions such as crowding, nutritional deficits, toxic
products, and heavy metal exposure.

A decade ago, researchers thought that only vertebra-
tes had insufin and regulator peptides as a response to speci-
fic metabolic and physiological requirements. Identification
of hormones and bioregulator peptides in invertebrates, ho-
mologous to vertebrate insulin, gastrin-cholecystokinin, and
vasopresin-oxytocine has increased in recent years {La Roith
et al, 1980; Sanders 1983a; Favrel et af, 1991; Geraerts et al,,
1991; Sevala et al, 1993; Chuang and Wang 1994; Cancre ot
al, 1995; Chen et al, 1996). These studies have increased
knowledge of signal transmission mechanisms in the inner
cell and the regulation of intermediate metabolism of inverte-
brate species, particularly those of commercial or scientific
interest. This subject is still not completely understood, but
couid be applied to growth acceteration, shortening of matu-
ration periods, and disease resistance (Ratafia 1995).

In crustaceans, Sanders (1983a, b, ¢} has done the most
representative studies identifying peptides that are immunolagi-
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cally similar to human insulin in the midgut gland, hemolymph,
and proventriculus of the lobster Homarus americanus. These
peptides have similar functions to that of mammals to stimu-
late glucogenesis in muscle, regulate intermediate metabo-
lism of proteins and lipids, maintain osmoregulation, promote
growth, and initiate cell differentiation, but having no partici-
pation on maintenance of glucose leveis in hemolymph (King
and Kahn 1981; Sanders 1983c).

In the search for growth-stimulating substances, Gallar-
do {1998} found a peptide similar to vertebrate insulin in the
Cuban lobster Panulirus argus. This peptide has been tested
as a growth stimulator when included in microcapsulated
diets for juvenile white shrimp Litopenaeus schmitti. A signifi-
cant growth-promoting effect was found. This peptide has the
capacity to stimulate DNA synthesis in the midgut gland. LETE
showed, by RIA, a high insulin-like activity. This suggests the
existence of peptides similar to insulin, with pessible poten-
tial as a growth promoter. Related to this, the results from cell
culture demonstrated that LLTE at very low concentrations
coufd activate the growth of mouse fibroblasts, However, this
promotion on cell proliferation could not be found in carcino-
ma cell cultures. This effect and the participation of insulin-li-
ke peptides is now under study.

Our results as well as those of other researchers men-
tioned above suggest viable and sustainable uses of the lan-
gostilla resource, which will promote the development of a
broader-based and sustainable Mexican fishery and enhance
other economic sectors, including transfermation of marine-
source products, improvement of feed products, and advan-
cement of aquaculture industries,

Our research group is interested in langostilla as a futy-
re source of nutrients far the shrimp culture industry. This in-
dustry is of great importance in Mexico because the rapid
growth of this activity places a severe demand on the can-
ventional sources of high quality feed ingredients. Additio-
nally, shrimp cultivation is now in competition with domestic
animal production. The search for alternative ingredients
that can be used solely for aquaculture purposes is one of
the research goals of several groups. Nevertheless, our fin-
dings as well as studies by other groups suggest that iangos-
tilta could serve, not only as a nutrient source for aquatic
species, but for human nutrition as well. Langostilla by-pro-
ducts as a safe source of human nutrients is a goal of our
studies in the near future. In the present work, we focused
mainly on aspects of raw extract of langostilla as a potential
feed ingredient or additive directed to the marine ¢rustacean
aguaculture industry. There is substantial reason for ¢onsi-
dering these same results as a preliminary study for its use in
human nutrition,
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