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Abstract

Wild-caught and pond-reared female mud crab Seylla
serrata at different stages of ovarian maturation were
collected from Samar and Capiz, Philippines. Crabs
were categorized into five stages according to the ex-
ternal morphological and microscopic appearance of
the most advanced oocytes. The ovaries, hepatopan-
creas, muscle and newly spawned eggs (NSE) were
analysed forlipid class components and fatty acids. To-
tal lipid was higher in pond-reared than in wild-
caught crabs but increased with ovarian maturation
in both groups. Ovarian lipid peaked at the fully ma-
ture stage, coinciding with a decline in hepatopan-
creatic and muscle lipids. Lipid levels declined
significantly in spent females. The tissues contained
elevated highly unsaturated fatty acids such as arachi-
donic (20:4n-6), eicosapentaenoic (20:5n-3) and doco-
sahexaenoic (22:6n-3) acids, but at higher levels in late
maturing and fully mature ovaries and in NSE. The
type of lipid class and fatty acid components in mature
ovaries as well as in NSE are generally considered to be
indicative of their importance in reproductive physiol-
ogy and embryonic and larval development.

Keywords: mud crab, Scylla serrata, ovarian
maturation, lipid classes and fatty acids

Introduction

Mud crab Scylla serrata (Forsskal) inhabits estuaries
and mangrove swamps in the Indo-Pacific region
and is considered to be one of the most promising
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crustacean species as an alternative to shrimp
aguaculture due to its high value and good growth.
Consequently, there is now a large demand for wild-
caught mud crab seed for farming that in time may
lead to depletion. Although artificial propagation
techniques for the species have been established at
Southeast Asian Fisheries Development Center Aqua-
culture Department (SEAFDEC/AQD) (Quinitio &
Parado-Estepa 2003) and broodstock feeds and feed-
ing have been reported (Millamena & Quinitio 2000;
Millamena & Bangcaya 2001), information on the nu-
tritional factors affecting its ovarian maturation is
limited (Li, Lin, Liu & Wang 1994; Lin & Wang 1994;
Cheng, Li,Wang, Chen, Lin & Xu 2001). As a first step
to elucidate the nutritional requirements of a species,
one often looks at what is happening in the wild,

The nutritional status of crustacean broodstock is
known to influence significantly the reproductive
performance and egg and larval quality (Kanazawa
1981; Harrison 1990; Browdy 1998). Moreover, the re-
liance of the embryo and newly hatched larvae on the
egg yolk for nutrition is essential in understanding
the nutrient requirements of broodstock. The bio-
chemical changes in the ovaries and in other tissues
will help to determine the Importance of nutrient
reserves and mobilization during maturation and
reproduction.

Lipids play important roles in the biochemistry,
metabolism and reproduction of decapod crusta-
ceans. Neutral lipids, particularly triacylglycerols,
are a major energy source, and the predominant form
of energy storage in the adult, egg and pre-feeding
larvae (Middleditch, Missler, Ward, McVey, Brown &
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Lawrence 1979; Ward, Middleditch, Missler &
Lawrence 1979; Teshima & Kanazawa 1983; Clarke,
Skadsheim & Holmes 1985). Phospholipids and sterols
have important functions as cytoplasm and membrane
constituents of cells, affecting structural and physiolo-
gical properties. Polyunsaturated fatty acids (PUFA) are
important components of lipids and are essential for
marine fish and crustaceans {Sargent, Tocher & Bell
2002). Prostaglandins that are involved in the control
of many physiological processes have been shown to
be derived from PUFA. Ovarian maturation and spawn-
ing of penaeid shrimp are mfluenced by the quality of
fatty acids in the diet of Penaeus setiferus (Lawrence,
Ward, Missler, Brown, McVey & Middleditch 1979;
Middleditch, Missler, Hines, McVey, Brown, Ward &
Lawrence 1980), P japonicus (Teshima & Kanazawa
1983; Teshima, Kanazawa, Horinouchi & Koshio
1988; Teshima, Kanazawa, Koshio & Horinouchi 1988;
Teshima, Kanazawa, Koshio & Horinouchi 1989),
E monodon (Millamena 1989: Millamena & Pascual
1990) and crab (Millamena & Quinitio 2000).

The aim of this study was to determine the
changes in total lipid (TL), lipid class and fatty acid
contents in the tissues of wild and pond-reared mud
crab S. serrata during ovarian maturation and in
newly spawned eggs (NSE) in order to evaluate their
significance in crab reproduction.

Materials and methods
Animals

Wild-caught and pond-reared female S. serrata of var-
fous maturation stages were obtained from Samar
(eastern Visayas) and Capiz {western Visayas) pro-
vinees, Philippines respectively. The identification of
8. serrata was based on the description of Keenan,
Davie and Mann (1998). The wild crabs fed on detritus
and other available natural foods such as sessile in-
vertebrates (i.e. mollusks) in the mangrove swamps
and soft-bottom shallow intertida] waters. Pond-
reared crabs were taken from a privately owned farm.
These were stocked at 2000-3000 ha~? reared for
about 5 months with a 40-50% survival rate. They
were fed with low-cost fish and small bivalves
Potamocorbula sp. at 8-3% of the body weight per day
(decreasing percentage of body weight as they grow).
The feed conversion ratic was about 351to 41.

Crabs were transported live to SEAFDEC/AQD,
Tigbauan, Ioilo, and measured for body weight, in-
ternal carapace width and gonadosomatic index
and classified into five stages: immature (1), early
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maturing (2), late maturing (3), fully mature (4) and
spent (5) based on external morphological and histo-
logical characteristics of the ovaries (Quinitio, de
Pedro & Parado-Estepa 2007). Some females with vi-
tellogenic to late vitellogenic ovaries, as determined
by the colour of the ovary between the first abdom-
inal segment and carapace, were held in 12 m? con-
crete circular tanks unti] they spawned. Newly
spawned eggs (attached to the pleopods) were col-
lected in addition to the crab ovaries, hepatopancreas
and muscle. The spawning tank (height 1.3 m, dia-
meter 4 m) had sand and gravel substrates and were
provided with wooden shelters, Sand-filtered sea-
water flowed through for 4h daily and water
depth was maintained at 25-30 cm. Water tempera-
ture fluctuated from 26.5 to 29 °C, while salinity was
31-32gL° L

TL, lipid class and fatty acid analyses

Total lipids of samples were extracted after homoge-
nization in chloroform and methanol (2:1, v/v) (Folch,
Lees & Sloane-Stanley 1957). For both wild-caught
and pond-reared crab tissues, three to 14 females per
ovarian stage and four to five NSE were analysed for
TL contents. Three TI. samples of tissues and zoeae
per source of crab and maturation stage were further
examined for lipid class and fatty acid contents,

Neutral (NL) and polar lipids (PL) were separated
by two solvent systems. The first system, consisting
of hexane, diethyl ether and formic acid 98%
(85:15:0.04, v/v), separated the NL classes from PL for
40 min. Individual lipid classes were determined by
Thin Layer Chromatography {Iatroscan, MK-5, Tokyo,
Japan) with a hydrogen flame ionization detector,
After scanning of NL, the same rods with the remain-
ing PL were developed in the second solvent system
chloroform—methanol—water (703535, viv) for
45 min to separate the P, classes, and another scan-
ning of the rods was performed. Identification of lipid
classes was carried out by comparison with authen-
tic standard reference mixtures (Nu-Chek-Prep.,
Elysian, MN, USA).

The preparation of fatty acid methyl esters (FAME)
from the TL was carried out using an acetylchloride/
methanol mixture (1:20, v/v) as the esterification re-
agent (Lepage & Roy 1984). The fatty acid composi-
tions were determined using a Chrompack CP9001
gas chromatograph (Macclesfield, UK) equipped with
a temperature-programmable on-column injector,
Injections were performed into a polar 50 m capillary
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Table 1 Lipid class contents (mgg ~ldry weight) in ovaries and newly spawned eggs (NSE) of wild-caught and pond-reared

mud crab Seylla serrata during ovarian maturation

Source
Ovaries NSE
L]
Wild Pond Wild Pond
Total lipids 200.6° 245,52 204.3° 338.7%
Total NL 113.9% 108.2° 98.5° 137.42
CHO esters 4.5° a.7° 8.42 4,5°
TAG 94.4° 102.3° 61.3° 126.9°
FFA 2,2° 7.9° 3.7° 0.1°
CHO+DAG 13:.1b 17.3% 21.6° 6.0°
Total PL 86.7° 137.3% 125.8° 201.42
PE+PA 10.1® 13.7° 17.9° 6.1°
PC 71.6° 117.6% 81.3° 140.6°
SPH 3.3° 2.8° 512 4.5°
LPC 1.2° 2,22 9.4° 11.72

Maturation stage and NSE

Ovaries
1 2 3 4 5 NSE
100.5' 211.6¢ 298,2° 394.0° 111.0° 281.5°
31.6° 119.9° 154.4° 192.4% 57.04 118.0°
3.3° 2.5° 2.8° 5.6° 6.3% 552
0.3° 99.7° 135.1° 169.22 36.49 94,1°
1142 fize 1.0° 0.19 a.1° 3.7b
17:2% 16.12 16.0° 17.62 9.0° 14.0°
68.0° 91,74 143.8° 201.6° 54.0' 163.6°
16.9% 10.3° 11.6° 14.9° 5.8¢ 12,0°
45.0° 77.1¢ 129.7° 184.3° 3zt 111.0°
4.5° 3.8° 2.2° 1.8° 2.2° 4.8°
1.8° 0.1° 0.8° 0.8° 2.0° 10.6%

Means in the same row with the same superscripts under source of ovaries and NSE or maturation stage and NSE are not significantly

different (P < 0.05).

Stage 1, immature; 2, early maturing; 3, late maturing; 4, fully mature: 5. spent ovaries; and NSE, newly spawned eggs.
NL, neutral lipids; CHO, cholesterol: TAG, triacylglycerols; FFA, free fatty acids; DAG, diacylglycerols; PL, polar lipids; PE, phosphatidyl
ethanolamine; PA, phosphatidic acid; PC, phosphatidyl choline; SPH, sphingomyelin; LPC, lyso-phosphatidyl choline.

Table 2 Total lipids (mgg']dry weight) in tissues of wild-

maturation and in newly spawned eggs (NSE)

caught and pond-reared mud crab Scylla serrata during ovarian

wild Pond
Tissues/stage 1 2 3 4 5 NSE 1 2 3 4 5 NSE
Ovaries and NSE 827"  181.6% 201.3° 337.6° 109.4°  224.3°  118.2° 2415¢ 3050° 450,07 112.5°  33g.7°
Hepatopancreas  451.0° 506.2° 542.9% a4pgge 236.0° 467.3° 5161° 551.5° 4427¢ aggge
Muscle 464°  486%  499° 478  agpe 4257 481° 4917 a0 36.5°

Means in the same row with the same superscripts under wild or pond are not significantly different (P<0.05).

See Table 1 for maturation stages.

column, BPX70 [SGE Analytical Science (Ringwood,
Vic.,, Australia) 50m x 032 mm ID, 0.25pum flm
thickness], with a hydrogen flame ionization detector
and helium as a carrier. Individual FAME was identi-
fied in comparison with authentic standard reference
mixtures (Nu-Chek-Prep). Integration and calcula-
tions were performed on a computer with a software
program MAESTRO (Chrompack),

Statistical analysis

The lipid contents in tissues and NSE of crabs were
quantified as mg g ~dry weight and compared using
one-way or two-way analysis of variance following a
two-factor model [source of crab {wild and pond) as
factor 1 and maturation stage as factor 2] post-test
was Duncans multiple range test (Gomez & Gomegz
1984). Significant level was P < 0,05,
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Results
TL

Total lipids in the ovaries correspondingly increased
with maturation, but higher levels were found in
pond-reared crabs than in wild-caught crabs (Table
1). Total lipids of wild crabs increased fourfold from
stages 1to 4 (82.7-337.8 mgg ) while those of cap-
tive crabs also increased almost fourfold (118.2-
4502 mg g~ (Table 2). After spawning, ovarian TL
in wild crab decreased to 109.4 mgg ! while in cap-
tive crabs it declined to 112.5 mgg ~! Total lipids of
NSE of captive crabs (3387 mgg '1) was also higher
than that of wild crabs (2243 mgg ™Y (Table 2).

Total lipids in hepatopancreas of pond-reared crabs
was also higher than that of wild crabs (Table 3).
These increased from stage 1 until stage 3 (wild:
4510, 5062 and 542.9; pond: 4673, 5161,
551.5mgg ! respectively) and declined at stage 4
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Table 3 Total lipids, neutral (NL) and polar lipid (PL) class contents (mgg ‘ldry weight) in hepatopancreas and muscle of

wild-caught and pond-reared mud crab Scylla serrata during ovarian maturation

Source Maturation stage
e e
Wwild Pond 1 2 3 4 5
Hepatopancreas
Total lipids 43320 469.3 459.2° 511.2° 547.2° 436.3° 302.4°
Total NL 412,3° 415,52 366,49 476.4° 529.5° 416.1° 281.3°
CHO esters 236° 13.7° 25.9° 30.62 16.2° 9.5° 11.3°
TAG 360.3° 316.4° 29244 356.7° 428,8% 375.7° 2338.2°
FFA 9.0° 47.12 21.4° 50.72 45.6° 11.39 11.2¢
CHO+DAG 17.8° 38.12 26.8° 38.57 39.0% 19.6° 15.84
Total PL 21.0° 53.7° g2.7* 34.8° 17,79 20.2° 21.5°
PE+PA 3.0° 43.7° 72.32 60.1° 5.1° 6.2° 0.6°
PG 14.8% 6.5° 19.0° 4.0° 9.6° 13.4° 7.3¢
LPC 1.4° 1,9° 0.8° 1.4° 3.1? 0.7° 1.8°
Muscle
Total lipids 46.4° 43.8° 44 5° 4842 49.5° 4528 37.9°
Total NL 6.9 7.0% 7.0° 8.4 6.9° 6.5° 6.0°
TAG 0.5? 0.2% 0.2% 0.2° 0.2 0.12 0.7°
FFA 0.3* 0.7 0.7* 0.8 0.6° 0.6° 0.32
CHO+DAG 5.5° 56° 6.1%° 7.0 5.9°% 5.1° 3.9°
Total PL 39.5% 36.8° 37.6° 39.9% 428° 38.7° 31.9°
PE+PA 3.1° 8.0° 6.0° 5.8° 742 6.3° 278
PC 22 g° 26.0° 26.52 26.0% 25.7° 25.12 18.4°
SPH 37 1.5° 3.3° 2.9° 1.4° 2.5% 3.00
LPC 542 0.8° 0.5° 2.7° 532 2.3° 5.0°%

Means in the same row with the same superscripts under source or maturation stage of hepatopancreas and muscle are not signifi-

cantly different (P < 0.05).
See Table 1 for abbreviations and maturation stages,

{wild: 429.8; pond: 442.7 mgg ™% (Table 2). The de-
crease in TL coincided with the highest lipid content
in stage 4 ovaries. After spawning, hepatopancreatic
TL reduced significantly, being lower in wild crabs
(2360mgg™Y than in pond-reared  crabs
(3688 mgg

Total lipids in muscle of pond-reared crabs wag
lower than that of wild crabs (Table 3). Similar to he-
patopancreas, muscle TL increased from stages 1 to
3 (wild: 464 to 499; pond: 425 to 490mggh
and then declined at stage 4 (wild: 47.8; pond:
426 mgg Y, with a significant decrease at stage 5
(wild: 39.2; pond: 36.5 mg g ™Y (Table 2).

Lipid classes

Total neutral lipid and PL in the crab ovaries corre-
spondingly increased during maturation, declined
when spent but were found to be high in NSE (Table 1).
Ovarian total NL was lower, while the total PL was
higher in captive crabs than those of wild crabs. Pond-
reared crabs produced NSE that contained elevated
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total NL and total PL, compared with those of wild crab
NSE.

Wild-caught crab ovaries initially contained high-
er total PL than total NI, consisting mainly of
phosphatidyl choline (PC) and phosphatidy] ethanol-
amine {PE)+phosphatidic acid (PA) (Table 4).
However, a shift occurred at stage 2 when total NL
(consisting mainly of triacylglycerols [TAG]) became
higher than total PL, Thereafter, TAG significantly in-
creased with maturation until stage 4. Likewise, PC
accunlated and more than doubled at stage 3 and
tripled at stage 4. Except for cholesterol (CHO) esters,
all other lipid class Components in the spent ovaries
significantly decreased while these increased in NSE.
Total PL was higher than tota] NI, in NSE.

Pond-reared crab ovaries contained more total PL
than total NL from stages 1 to 4 (Table 4). After
spawning, the ovaries had significantly reduced PC,
PE+PA, TAG and CHO+diacylglycerols (DAG). Their
NSE contained a higher tota] pL, than total NL and
these were higher than in NSE of wild crabs.

Total NL in hepatopancreas of both wild and
captive crabs increased from stage 1 until stage 3, and
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Table 4 Neutral (NL) and polar lipid (PL) class contents (mgg~dry weight) in ovaries of wild-caught and pond-reared mud
crab Scylla serrata during ovarian maturation and in newly spawned eggs (NSE)

Wild Pond
Ovaries/stage 1 2 3 4 5 NSE 1 2 3 4 5 NSE
Total NL 231 123.8°  1782° 189.1* 55.1° 9857  40.4°  1159° 130.5" 195 58.87  1a37.4P
CHO esters 1.84 2.3¢ 3.3° 5.9° 9.1° 6.4° 470 2.7° 2.3° 5.3° 3.4° 452
TAG 0.3 1059°  162.8° 166.9° 3s1°  giad 0.1 9347 107.4° 17150  3g7° 126.9°
CHO+DAG  16.8° 15.0° 11.2¢ 16.3° 6.49 2192 1770 17.1° 20.8° 18.8°  11.9° 6.0¢
Total PL 59.64 57.8°  1131°  148.7° 543° 125.8°  781°  1256% {74.5° 254.5° 537 201.4°
PE+PA 12.8° 9.0° 12.3° 9.7¢ 6.5¢ 17.8* 2108 11.5° 10.8° 20.12 5.19 6.1°
PC 38.8¢ 435¢ 97.8"°  1350° 434  g13° 5o 1107%  161.5° 2335 319 140.6°
SPH 4.7% 417 2.3° 28> 11° 51 427 3.4° 21° 1.09 33P 4.5

Means with the same superscripts in the same row under wild or pond are not significantly different (P < 005).

See Table 1 for abbreviations and maturation stages.

decreased at stages 4 and 5 (Table 3). Total NL was
higher than total PL in both wild and pond-reared
crabs. Both groups had significantly reduced total
NL (mainly TAG, CHO+DAG free fatty acids
and CHO esters) at stages 4 and 5. The polar lipids
class contents in both wild and captive crab hepato-
pancreas were variable during ovarian development,

Total lipids in muscle of wild and captive crabs
were dominated by PL that principally contained
PC. After spawning, PC, PE+PA and CHO+DAG
decreased significantly (Table 3).

Fatty acids

Crab ovaries had increasing total saturated, monoe-
noic, n-3, n-6 fatty acids (FA) and n-3 highly unsatu-
rated fatty acids (HUFA) with maturation and all
these declined significantly in spent ovaries (Table 5).
Total n-3 FAwas consistently higher than total n-6 FA,
with a mean n-3/n-6 FA ratio of 1.2 in wild crabs and
17 in captive crabs. The major fatty acids were 16:0),
16In-7, 18:0, 181n-9, 181n-7, 20:4n-6 (arachidonic
acid, ArA) 20:5n-3 (eicosapentaenoic acid, EPA)
and 22:6n-3 (docosahexaenoic acid, DHA), which de-
creased significantly at the spent stage. The same
fatty acids were dominant in the NSE of both crab
groups.

Total saturated and monoenoic fatty acids in the
hepatopancreas of wild crabs increased until stage 3
while n-3 FA, n-6 FA and n-3 HUFA declined; all dras-
tically decreased after spawning (Table 6). In captive
crab hepatopancreas, the saturated, n-3 FA, n-6 FA
and n-3 HUFA accumulated until stage 3 while
monoenoic FA increased until 4. Except for n-3 FA,
all these declined at the spent stage. In wild crabs,
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dominant FA at stages 3 and 4 that significantly
diminished when spent were: 16:0, 16:1n-7, 18:0,
181n-9, 181n-7, 18:2n-6, 20:4n-6, 20:5n-3 and
22:6n-3, Captive crabs also had the same major FA in
the hepatopancreas but the total n-3 FA including
20:5n-3 and 22:6n-3 was conserved.

Muscles of wild and captive crabs contained satu-
rated, monoenoic, n-3, n-6 FA and n-3 HUFA that
were variable from stages 1 to 4, but generally de-
clined at the spent stage (Table 7). Regardless of the
source, the trend in the muscle was 20:5n-3 > 20:
4n-6 > 22:6n-3.

Discussion

Ovarian TL levels correspondingly increased with
maturation and decreased significantly after spawn-
ing. Lipids were first stored and then mobilized to the
embryo in which higher levels were noted in pond-
reared than in wild crabs. The hepatopancreas stored
a large amount of TL as indicated by the decline at
late vitellogenesis and coinciding with the highest li-
pid content in the ovaries. In general, the lipid levels
of ovaries and NSE were higher in captive crabs than
wild crabs, indicating that lipid deposits were greatly
mobilized in wild crabs, Deposits may have been more
limited in wild crabs as levels of several lipid compo-
nents after spawning were lower in wild crabs,
Hepatopancreatic lipids and fatty acids in spent
pond-reared crabs were not as low as in the wild ones.
Although to a lesser extent, it is clear that muscle li-
pids were also utilized for maturation based on the
decreased levels in the spent stage. This was, how-
ever, more significant in wild than in pond-reared
crabs, again indicating that wild crabs had to use
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Table 5 Fatty acid contents (mgg ~'dry weight) in ovaries and newly spawned eggs (NSE) of wild-caught and pond-reared

mud crab Scylla serrata during ovarian maturation

Source
Ovaries NSE Maturation stage and NSE

FAME wild Pond wild Pond 1 2 3 4 5 NSE
14:0 47° 5.5% 328 8.12 1.5¢ 5.0° 5.8° 10.6% 2.4° 5.6°
16:0 37.7° 44.6° 37.9° 65.9° 13.5° 40.8° 58.2° 7082 22.3¢ 51.9°
16:1n-7 14.6° 17.8% 12.4° 26.4% 55 11.3% 26.2° 29.4° 8.7° 19.4°
18:0 14.1° 19.7° 20.0° 337 7.8° 14,74 20,5° 3z2.9° 8.6° 27.9°
18:1n-9 27.72 27.3% 255" 39.22 12.3¢ 24.4° 36.0° 48,7° 15.9¢ 32.3°
18:1n-7 8.72 7.7° 9.0° 14.6% 3.3¢ 7.4° 11.9% 13.0% 5.4° 11.8%°
18:2n-6 6.42 3.7 a.ob 5.6° .99 5.7° 6.1° 9.7% 2.0¢ 4.3°
18:3n-3 2.0° 1.4° 1.1° 1.9° 0.6° 1.7° 2.4% 3.0 0.7° 1.5°
20:1n-9 1:8° 2.6° {i7? 25 1.1°¢ 1.8 2.6° 4.3° 1.1° 2.1
20:4n-6 (ArA) 15.6° 18.2° 19.42 17.3" 13.1¢ 18.6° 20.4° 23.8° 8.4° 18.4°
20:5n-3 (EPA) 15.2° 20.3° 18.9° 21.4% 10.6° 19,4° 19.6° 31.2° 7.99 2028
22:4n-6 21" 4.7 1.5° 3.6° 1.49 2.8° 5.0° 6.8° 1.2¢ 2.6°
22:5n-6 2.0° 26% 2.2° 3.62 0.9° 215 3.0° 4.43 1.1¢ 2.0
22:5n-3 3.8° 57° 2,7° 8.4% 2.1¢ 5.2° 6.4° 8.0° 2.0¢ 5.6°
22:6n-3 (DHA) 15.2° 18,72 16.4° 38.12 6.5° 16.64 22.3° 3072 8.7° 27.3°
Total lipids 200.6°  2455°  2243°  3400° 1005 211.6¢ 208,20 394.0° 111.0° 282.2°
Sum saturated FA 62.6° 7T 694"  119.8? 26.1° 67.0° 94.1° 127,22 36.4° 94.6°
Sum monoenoic FA 50.5° 64.42 59.7° 100.2% 26.6° 52,6° 86.7° 107.22 36.5° 79.9°
Sum n-3 FA 38.3° 47.6% 41.3° 72.8% 20,7° 44 5¢ 52,g° 76.0° 20.6° 57.1°
Sum n-6 FA 27.1° 30.2° 27.2b 31.9° 17.5¢ 2g.9° 35.9° 46.7° 13.3¢ 29.5°
Sum n-3 HUFA 35.5° 4552 39.0° 70.5% 19.7° 42,3 49.8° 71.4° 19.2° 54.8°
Ratio n-3/n-6 FA 1,20 1.7% 1.5° 2.3° 1.2° 1.5° 1,728 1.3° 1.7% 1.2
Ratio EPA/ArA 1o 1.12 1.0° 1,29 0.8% 1.0% 1.0° 1.3 0.9° 147
Ratio DHA/EPA 1.0°% 0.9% 1.0° 1.8% 0.6° 0.8° 1.2% 1.0° 112 1.3

Means in the same row with the same superscripts under source of ovaries and NSE or maturation stage and NSE are not significantly

different (P < 0.05).

FAME, fatty acid methyl esters: HUFA, highly unsaturated fatty acids; EPA, eicosapentaenoic acid; ArA, arachidenic acid: DHA, doco-

sahexaenoic acid.

their reserves more profoundly. There were no signif-
icant differences observed in the histological features
between ovaries of wild and pond-reared mud crab
§. serrata using the same batch of samples (Quinitio
et al. 2007). Moreover, GSI was not significantly differ-
ent between wild and pond-reared females at the dif-
ferent maturation stages, except at stage 4, when GSI
of pond-reared crabs was higher, At this stage, the
ovarian TL level was higher in pond-reared crabs,
Anincrease in ovarian lipid corresponding to a de-
crease in hepatopancreatic lipld was reported in wild
§. serrata (Nagabhushanam & Farooqui1982). During
the peak reproductive periods {May—June and Octo-
ber-November), the lipid contents (and glycogen)
decreased in the crab hepatopancreas while an
increase in the ovaries was noted. However, no corre-
lation of lipid contents (as well as protein and glyco-
gen) in crab muscles with the reproductive activity
was found (Nagabhushanam & Farooqui 1982). In
contrast, lipids in muscles of both wild and pond-

© 2007 The Authors

reared broedstock decreased after spawning in the
present study.

Anincrease in total ovarian lipids with maturation
has also been reported in other wild-sourced
crustacean species (Pillay & Nair 1973; Gehring
1974; Guary, Kayama & Murakami 1974; Kulkarni &
Nagabhushanam 1979; Read & Caulton 1980; Galois
1984; Jeckel, de Moreno & Moreno 1989; Millamena
& Pascual 1990). Several of these authors describe a
decrease in the TL of the hepatopancreas, accompa-
nied by an increase in ovarian lipids during matura-
tion, which could be attributed to the mobilization of
lipids. While evidence of storage and mobilization of
lipids in the hepatopancreas was noted in §. serratq
in the present study, the hepatopancreatic lipid re-
serves could have only partially contributed to vitel-
logenesis. It appears that dietary lipids must be
processed rapidly through the hepatopancreas
because the neutral and PIL fractions could not
fully account for the dramatic increase in ovarian TL.
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Table 6 Fatty acid contents (mgg ~dry weight) in hepatopancreas of wild-caught and pond-reared mud crab Scylla serrata

at different stages of ovarian maturation

Wild Pond
FAME/stage 1 2 3 4 5 1 2 3 4 5
14:0 12.2° 14.5° 12.9° 2582 8.69 22,47 23.3* 23.7° 17.6° 13.8°
15:0 8.9° T 11.4% 6.8° 2.3° 13.3% 10.4° 10.5° 7.6° 6.4°
16:0 97.8° 128.0° 147.3° 97.6° 565%  {322° 13050 131,22 103.7° 95.9°
16:1n-7 26.9° 20.5° 52.4° 28.6° 20.3° 38.9 36.2° 37.0% 35.2° 27.2¢
17:0 10.5° 10.1° 11,72 6.8° 3.2¢ 11.12 11.42 11.32 8.9° 8.7°
18:0 39.7%° 42.6° 42.9° 37.3° 28.0° 45.8° 50.6° 51.42 39.8° 30.2¢
18:1n-9 31.8° 38.6° 59.2% 59.92 29.34 34.8° 34.6° 36.1° 29.6° 34.4°
18:1n-7 21.0° 25.6° 34.9° 16.4° 12,1° 13.0° 14.7° 17.6° 18.2%° 19.5%
18:2n-6 12.2¢ 25.12 14.6° 17.3° 3.0¢ 7.6° 7.1° 7.6° 6.8° 9.7
18:3n-3 5.6° 7.6° 4.6° 5.2° 0.6° 2,2° 2.9° 3.5° i 3.7°
20:1n-9 2.9° 3.9% 4.8° 4.7° 2.3° 5.5¢ 7.1° 8.0° 21,32 8.5°
20:1n-7 4,3% 5.3° 19.0% 3.6° 2.2d 3.4° 4.1° 4.8° 6.9° 4.3°
20:4n-6 (ArA) 36.6% 34.0° 21.0° 18.19 6.0° 14,24 20.6° 25.0% 15.4° 14.29
20:5n-3 (EPA) 2512 19.6° 8.2° 18.3° 3.0¢ 13.2¢ 19.1° 29.7° 17.4° 18.6%¢
22:4n-6 7:4° 11.9° 7.9° 3.4° 0.79 45° 8.4° 10.5% 10.5% 5.8°
22:5n-6 5.0% 4,4%° 3.0° 4.7 0.7° 2.3 4.0° 6.0 3.6 3.0°
22:5n-3 8.0° 8.5% 4.9° 4.5° 1.0° 3.2° 5.1° 7.6% 5.5° 6.1°
22:6n-3 (DHA) 20.5° 10.4° 12.0° 20.8° 4,04 11.0¢ 16.2° 25,87 13,5° 15.7°
Sum saturated FA 176.34 215.2° 233.8°  183.1c 109.1%  230.5°  2359% 3760 186.3° 161.5°
Sum moncenoic FA  101.6° 14722 192.9°  {252° 755°  109.1° 11228 1205 12387 105.5°
Sum n-3 FA 66.7° 56.6° 37.7° 54,9° 9.2¢ 33.7¢ 49.1° 73.5° 44.7° 49.1°
Sum n-6 FA 64.7° 80.2% 51.7° 45.7¢ 11.6° 32.1° 44.4° 54.3* 40.4° 35.9°
Sum n-3 HUFA 57.28 43.0° 29.5° 46.1° 8.5° 30.8¢ 45.0° 68.3° 40.8° 44.0°
Ratio n-3/n-6 FA 1.0° 0.7 0.7% 10 0.8% 1.12 1.12 1.47 1,12 1.4°
Ratio EPA/ArA 0.78 0.6° 0.4° 1.0° 0.5 0.9° 0.9% 1538 1.12 1.3%
Ratio DHA/EPA 0.8° 0.5° 1.5° 1.12 1.3 0.8° 0.8 0.9% 0.8° 0.8%

Means with the same superscripts in the same row under wild-cau,

ght and pond-reared are not significantly different {P < 0.05).

FAME, fatty acid methyl esters; HUFA, highly unsaturated fatty acids; EPA, eicosapentaenoic acid; ArA, arachidonic acid; DHA,

docosahexaenoic acid.

Dietary input to oocyte lipid accumulation was re-
ported in shrimp Penaeus indicus (Galois 1984) and
that lipids ingested during vitellogenesis influence
the fatty acid composition of haemolymph and egg Ii-
pids (Harrison 1990). Radiotracer studies have de-
monstrated that dietary TAG appear to be
sequestered to the developing oocytes within 24 h of
ingestion (Teshima, Kanazawa, Horinouchi et al.
1988; Teshima, Kanazawa, Koshio et al. 1988). Neutral
lipids, particularly TAG, were found to be dominant
in the hepatopancreas of both wild and pond-reared
crabs, confirming its role as a storage organ.
Pond-reared crabs contained higher lipids than
wild crabs, probably because food is more readily
available all throughout the culture period compared
with wild crabs that might have to spend energy con-
stantly in search for food. In the wild, natural foods
of Scylla spp. consist of a variety of mollusks and
crustaceans (Heasman & Fielder 1978; Williams
1978; Jayamanne & Jinadasa 1991). The quantity and
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quality of the food might have influenced the lipid
profiles of crab tissues as well as the degree of mobili-
zation from the hepatopancreas to the ovaries. Lipid
accumulation in ovaries and hepatopancreas was
higher in pond-reared crabs than in wild crabs,

The influence of dietary input on lipid build-up
was reflected in the phospholipids (PL) in crab ovar-
ies. These were present in relatively large amounts
throughout the maturation stages of pond-reared
crabs but accrued highly only at stages 3 and 4 in
wild crabs. Consequently, phospholipids in NSE of
pond-reared crabs were higher than in wild crabs.
Phospholipids are required for gonadal develop-
ment of B japonicus (Alava, Kanazawa, Teshima &
Koshio 1993) and reproduction of P. vannamei (Cahuy,
Guillaume, Stephan & Chim 1994),

In crustaceans, total ovarian sterols are known to
increase with maturation {Gehring 1974; Lautier &
Lagarrigue 1988) and may comprise 64-22% of the
total ovarian lipids (Teshima & Kanazawa 1983). In

@© 2007 The Authors

Journal Compilation ) 2007 Blackweil Publishing Ltd, Aquaculture Research, 38, 14681477



Aquaculture Research, 2007, 38, 1468-1477

Lipids of mud crab during ovarian maturation V R Alava et al.

Table 7 Fatty acid contents (mgg ~dry weight) in muscle of wild-caught and pond-reared mud crab Scylla serrata at differ-

ent stages of ovarian maturation

Wild Pond

FAME/stage 1 2 3 4 5 1 2 3 4 5

16:0 ©o49° 5.4 5.7° 5.6° 3.2° 5.0° 5.7 6.2% 5.0° 4.4°
16:1n-7 1.6° 1.8° 2,8° 1.6° 1.4° 2.2° 2.5b 3.1? 2.g% 1.7°
18:0 4.6° 4.7 47° 470 ad 4.0° 45° 4.5° 4,07 2.6°
18:1n-9 4.3° 4,3° 6.4% 6.6 3.3 3.6° 4.4° 5.2° 4,6 3.6°
18:1n-7 1.22 1.3° 7 1.22 0.7° 0.7 0.8 L 1.0% 0.72
18:2n-6 1.5% 2.47 1.6% 2,00 0.6° 1.0° 1.12 0.9° 178 1.6°
18:3n-3 0.6? 0.72 072 0.5° 0.2° 0.3* 0.4* 0.3* 0.3* 0.6%
20:4n-6 (ArA) 6.5° 7.3 6.9% 5.5° 3.1° 5.12 5.8° 4.9% 4.5° 4.2°
20:5n-3 (EPA) 8.12 8.5 7.1° 8.3% 4.0° 6.9° 8.0° 7.7° 6.6° 5.8°
22:4n-6 0.4* 0.5% 0.4° 0.22 0.17 0.5° 0.5% 0.4* 0.4% 0.3%
22:5n-6 0.4% 0.5% 0.4% 05% 0.22 0.4° 0.4° 0.5° 0.4° 0.3
22:5n-3 0.9% 1.3% 0.5° 0.4° 0.2° 0.9% 0.9% 0.9° 0.72 0.7°
22:6n-3 (DHA) 472 3.8° 4,02 4.5° 2.6° 3.8%° 4.3% 4,22 a.5° 3.4°
Total lipid 46.4° 48.6° 49.9% 478" 39.2° 42,5° 48.% 49.12 42.6° 36.5°
Sum saturated FA 11.3% 11.82 12,07 11.92 7.6° 10.7° 12.0? 12.5° 10.5° 8.5°
Sum monoenoic FA 8.0° 8.2° 11.92 1012 8.0° g.a" 9.8 11.6% 10.7% 8.5°
Sum n-3 FA 14.4 14.42 12.6° 14.22 7.0° 12.4° 14.12 13.6% 11.4° 10.7°
Sum n-6 FA 9.1° 10.8° 9.9%° 8.3° 4.0° 7.2%0 8.0% 6.9° 6.5° 6.5°
Sum n-3 HUFA 13.8° 13.62 11.8° 13.5° 6.8° 12.0° 13.72 13.22 11.0° 10.1°
Ratio n-3/n-6 FA 1.6° 1.3% 1.3° 1.8° 1.8° 1.78 1.8% 2.0° 1.8° 1.42
Ratio EPA/ArA 1.28 1.22 1,0 1.5° 1.3 1.4° 1.47 1.6% 1.5% 1.47
Ratio DHA/EPA 0.67 0.42 0.6 0.5% 0.7? 0.6% 0.5° 0.5° 0.5° 0.6%

Means in the same row with the same superscripts under wild-caught or pond-reared are not significantly different (P<0.05).

FAME, fatty acid methy! esters; HUFA, highly unsaturated fatty acids;

sahexaenoic acid.

the present study, the increase in ovarian sterols with
maturation of S, serrata is not evident, Cholesterol es-
ters comprise 1.8-9.1 in wild crabs and 2.3-53 in
pond-reared crabs. Cholesterol was not separated
from diacylglycerols (CHO +DAG). However, a signifi-
cant decrease was found in spent ovaries, with a
corresponding increase in NSE of both wild and
pond-reared crabs.

The present study showed that NSE of pond-reared
crabs contained n-3 HUFA of 70.5 mgg 'andann3 /
n-6 FA ratio of 2.3, both significantly higher than
those of wild-sourced crabs (390mgg = and 1.5 re-
spectively) (Table 5). Newly spawned eggs of wild
and pond-sourced §. serrata contain high levels of
HUFA such as ArA (20:4n-6), EPA (20:5n-3) and
DHA (22:6n-3) with a DHA/EPA ratio of 0.9-1.8 and
an EPA/ATA ratio of .0-1.2. Based on the present re-
sults, broodstock diets were developed to consist of
natural food (NF), artificial diets (AD) containing
graded TL levels, their combinations [AD+NF) and
fed to pond-sourced broodstock §. serrata in tanks
(Alava, Quinitio, de Pedro, Orozco & Wille 2007). The
quality of newly hatched zoeae in terms of lipid
classes and HUFA concentration was stgnificantly

© 2007 The Authors

EPA, cicosapentaenoic acid; Ara, arachidonic acid; DHA, doco-

influenced by broodstock diets and 20:4n-6, 20;5n-3
and 22:6n-3 were higher in crabs fed AD+NE the
contents corresponding to maternal dietary TL levels,

From the combined evidence of high proportions of
triacylglycerols, phospholipids, n-6 and n-3 HUFA in
ovarian tissues of S. serrats and in other crustaceans
(Lawrence et al. 1979; Middleditch et al. 1979; Brown
Jr. McVey, Scott, Williams, Middleditch & Lawrence
1980; Teshima & Kanazawa 1983; Jeckel et al. 1989),
the essentiality of these fatty acids to crustaceans (Ka-
nazawa, Teshima, Endo & Kayama 1978: Kanazawa,
Teshima, Tokiwa, Kayama & Hirata 1979; Kanazawa,
Teshima & Sakamoto 1985), and the indications of the
direct influence of dietary fatty acids on the fatty acid
contents in the gonads and eggs, the importance of
maturation diets high in both n-6 and n-3 HUFA, can-
not be overemphasized.

It is difficult to estimate and quantify the nutri-
tional requirements; however, it i generally accepted
that the optimal formulations for broodstock as well
as first feeding larvae should simulate the ovaries
and egg composition, which somehow reflect the
nutrient requirements and metabolic needs of the an-
imals. The study on the lipid classes and fatty acid
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profile of tissues, particularly ovaries and NSE, pro-
vides important information for a better understand-
ing on the feeding of broodstock and the first larval
stages of S. serrata.
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