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Annual evolution of muscle lipids fatty acid (FA) from common carp (Cyprinus carpio) has been
determined in 2001 through monthly samplings in the reserve pond of Sisaony (SIS series) and Itasy
Lake (ITA series) of the Madagascar highlands. Total lipids from muscle were extracted and quantified
according to the Bligh and Dyer method. FA identification was performed by GC-MS of FA methyl
esters and FA pyrrolidides and led to the identification of 41 FA; routine analyses of FA were made
by capillary GC. Principal component analysis (PCA) was performed on the data set to compare FA
profiles. Lipid content is low, ranging from 0.91 to 1.73% of wet muscle, with a low stage during the
hot season (January—April) and a higher stage during the cold season (July—October). Three FA
dominated the FA composition: oleic acid (17.0—21.5%), palmitic acid (13.1—16.1%), and linoleic
acid (9.6—13.2%). Polyunsaturated fatty acids (PUFA) were present in appreciable amounts:
arachidonic acid (AA; 2.9—5.9%), docosahexaenoic acid (DHA; 2.9—6.7%), eicosapentaenoic acid
(EPA; 1.9—3.4%), and docosapentaenoic acid (DPA; 1.9—4.3%). Two opposite evolution schemes
appear within two groups of FA; on the one hand PUFA (both n—3 and n—6 series) show a maximum
in August—October and a minimum in January—April, and, on the other hand, oleic, palmitic, and
linoleic acids show the opposite maxima and minima. PCA results give confirmation of these evolution
schemes, the two groups of FA giving opposite high factor loadings on axis 1. The SIS and ITA
series are differentiated by axis 2 by mean of minor FA, mostly odd- and branched-chain. Results
indicate that common carp, the second most abundant freshwater fish in Madagascar highlands waters,
may be an interesting source of dietary PUFA.
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INTRODUCTION introduced specied(2): tilapia, mainlyOreochromis niloticus

Inland water f|sh|ng is one of the main sources of animal Lin., fam. Cichlidae, known as Nile tilapia, local name “bara-
proteins in the continental highland regions of Madagascar, hoa”, introduced in 1956, representing 53% of captures in Itasy
especially in rural areas. In the main areas of fishing, in Itasy lake; common carp (Cyprinus carpioin., fam. Cyprinidae,
and Alaotra Lakes a commercial structure has been developedintroduced in 1914), representing 32% of captures in Itasy lake;
Fresh fish are collected for Antananarivo, the main market (1.5 and goldfish Carassius auratugin., fam. Cyprinidae, intro-
million inhabitants). Official statistics (2001) state240 tons duced in 1861 for ornamental purposes), representing 14% of
of fresh fish are taken from ItasyL). captures in Itasy lake.

The species distribution, originally characterized by a pre-  The occurrence oh—3 polyunsaturated fatty acidsi£3
dominance of endemic species (2), is nowadays dominated byPUFA) in the diet has been recognized as having important
beneficial properties for the prevention of coronary heart disease

* Author to whom correspondence should be addressed (telephone/fax

+ 33 4 91 28 86 47; e-mail emile.gaydou@univ.u-3mrs.r). (3). On the other hand, some researchers have shown that
;IEaBOFaEO!re gesclﬁA-_ Marine 1SOM freshwater fish generally contain lower proportions3 PUFA
aboratoire ae Imie Marine er. . . .
$ Laboratoire de Chimie Analytique Appligae than marine fish4, 5). Furthermore, because fish need PUFAs
U Laboratoire de Phytochimie de Marseille. to provide tolerance to low water temperatugy (ow amounts
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Table 1. Muscle Lipid Content of Carp (C. carpio) from Sisaony Station (SIS) and Itasy Lake (ITA)?

Jan Feb March April May June July Aug Sept Oct Nov Dec
SIS mean® 1.05 0.98¢ —d 0.93 1.24 1.38¢ 1.59 1.69 1.73 1.57 1.23 1.13
min 1.01 0.91 - 0.88 111 - 1.44 1.64 1.62 1.47 1.18 112
max 1.07 1.05 - 0.98 1.35 - 1.74 1.74 1.84 1.68 1.27 1.23
ITA mean 0.97 0.95 0.98 0.91 1.19 1.15 1.42 1.56 1.65 1.60 - -
min 0.89 0.92 0.78 0.88 1.13 1.03 1.35 1.43 1.50 1.49 - -
max 1.05 0.98 1.16 0.94 1.25 1.27 1.50 1.69 1.80 171 - -

aData expressed as percent by weight of fresh muscle.  Mean of three fish. ¢ Mean of two fish. ¢ No collection. € Only one fish.

Table 2. Fatty Acid Composition? of Total Lipids of Muscle of Carp (C. carpio) from Sisaony Station (SIS)

fatty Jan Feb April May June July Aug Sept Oct Nov Dec

acid? mean SD° mean SD mean SD mean SD mean mean SD mean SD mean SD mean SD mean SD mean SD
12:0 043 017 034 011 036 016 045 021 035 037 013 023 005 036 012 045 019 032 021 041 015
13:0 023 012 018 0.05 024 009 017 008 020 011 005 016 003 010 004 022 010 013 005 0.16 0.10
i-14:0 0.18 007 020 0.06 029 011 023 012 019 010 003 022 008 016 007 020 011 019 0.04 0.29 0.07
14:0 158 032 162 025 172 018 174 023 145 15 019 126 031 162 018 150 024 143 037 168 046
14:1n-7 030 011 024 0.09 030 005 025 008 022 028 011 021 011 018 011 025 009 036 011 012 0.05
i-15:0 062 019 073 012 056 021 066 029 070 056 034 078 024 048 0.17 057 013 075 021 0.81 018
ai-15:0 051 021 041 014 033 004 051 016 054 035 013 047 011 041 013 038 011 050 0.16 0.62 021
15:0 175 040 153 021 129 016 186 047 154 104 011 141 013 159 012 181 024 121 035 153 041
15:1n-8 016 009 020 0.05 030 008 018 0.03 025 011 005 028 009 022 005 019 003 019 005 0.27 0.07
i-16:0 023 006 031 016 039 015 028 012 034 023 009 037 015 031 017 024 011 031 012 039 014
ai-16:0 028 010 043 021 063 013 040 016 053 045 013 042 021 055 032 047 012 043 017 0.63 021
16:0 152 086 158 094 161 072 160 088 155 139 112 135 045 141 096 132 084 147 085 158 1.06
16:1n-7 454 069 482 038 537 084 436 065 607 542 034 601 060 535 034 402 029 477 048 491 033
i-17:0 110 021 093 031 085 018 120 024 09 080 017 101 012 1.07 015 091 016 0.88 024 120 0.5

ai-17:0 047 015 052 013 042 010 050 0.09 042 047 011 037 016 049 021 049 007 033 011 057 013
16:2n-4 0.14 008 015 004 010 006 013 004 010 018 002 015 0.09 017 006 023 010 019 007 021 0.09

17.0 296 047 244 023 256 025 196 012 157 219 021 241 033 215 044 261 033 192 015 222 034
17:1n-8 219 029 176 018 181 016 135 024 115 177 018 187 026 160 031 205 016 137 024 189 015
i-18:0 107 018 113 024 084 020 097 016 105 110 021 086 016 101 023 082 011 081 013 101 021
ai-18:0 057 013 064 010 048 016 056 018 063 052 014 045 011 058 013 058 019 050 021 053 0.06
18:0 559 027 571 036 499 056 474 051 583 523 037 486 044 411 036 480 047 630 035 583 041

18:1n-9 204 112 212 055 190 126 203 047 194 179 063 170 081 180 069 181 108 208 047 203 0.86
18:1n-7 499 048 462 038 432 054 428 050 376 448 029 496 069 430 024 343 066 396 034 460 0.30
18:2n—-6 128 125 129 218 129 181 119 231 113 117 241 107 182 96 098 103 116 11.7 185 126 1.27
18:2n-4 034 009 034 017 024 005 031 011 028 018 005 033 011 025 006 025 011 033 015 038 0.8
18:3n-6 061 011 067 020 072 016 064 023 059 069 015 067 026 059 023 057 017 067 024 072 020
19:1n-10 047 026 038 016 026 011 042 015 035 041 011 022 004 040 016 037 015 029 0.05 037 0.12
18:3n-3 181 017 173 036 219 041 185 030 165 228 033 202 013 1.8 034 225 021 172 026 189 037
18:4n-3 078 023 066 015 081 023 075 014 061 081 017 062 024 066 016 059 011 078 0.13 071 0.16
20:0 014 006 019 011 021 010 015 005 017 026 010 020 0.03 015 006 024 003 020 0.07 017 0.02
20:1 249 041 185 026 206 033 247 041 205 222 025 160 042 195 036 181 016 169 024 229 011
20:2n-6 0.60 015 073 020 055 021 061 018 054 045 013 062 017 050 014 057 021 071 0.17 0.59 0.09
20:3n-6 068 012 068 016 052 014 066 011 062 047 020 066 010 063 027 071 034 062 025 0.60 0.13
20:4n-6 330 042 337 084 369 056 426 033 472 521 043 524 023 554 036 558 019 447 027 358 047
20:3n-3 042 013 039 011 026 009 040 015 033 035 005 023 005 044 012 043 009 038 010 028 0.11
20:4n-3 028 009 029 003 017 004 025 010 029 016 008 026 004 032 009 039 013 033 011 027 0.09
20:5n-3 221 026 213 032 231 041 220 024 255 271 019 257 021 277 017 284 035 254 023 225 0.18
22:4n-6 117 030 123 019 151 027 178 017 166 214 024 267 044 219 034 235 023 152 018 143 022
22:5n-6 127 024 139 030 181 034 202 036 221 216 016 248 038 239 041 264 040 213 028 184 036
22:5n-3 176 027 182 021 209 019 218 031 230 280 018 334 017 402 027 382 018 256 038 204 0.19
22:6n-3 323 031 315 047 417 036 415 044 508 579 061 621 031 669 039 666 047 549 041 388 0.17

aFor number of fish sampled, see Table 1. ? Percent (w/w) of total fatty acids, determined as FAME by GLC on a Carbowax-20M column. ¢ Standard deviation.

should be expected in warmer waters such as in tropical areaducted on common carp, which is a well-known species
such as Madagascar. The consumption of freshwater fishthroughout the world (7), in particular, on its fatty acid (FA)
contributes thus significantly to the amountf3 PUFA in profile. These studies focused mainly on biochemical changes
the diet of the highlands population, if we suppose that highland in lipids in response to environmental factors, such as temper-
lakes in tropical areas are less warm [the mean water temperatureture (8—11) or pollutantsl@), diseasesl@), or diverse feed
of Itasy lake (2) ranges from 16.2 to 24°@]. supplementations, peculiarly dietary lipidis}( 15). Some other

As stated formerly, common carp represents the second mosistudies focused on the FA profile on temperate water cip (
abundant freshwater fish in captures in Madagascar inland or, rarely, tropical water car}; however, to our knowledge,
waters and has been strongly encouraged as an aquaculturéhere has been no study carried out on the influence of season
species by official authorities. Many studies have been con- on the FA profile of carp in tropical waters. In this study, we
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Table 3. Fatty Acid Composition of Total Muscle Lipids of Carp (C. carpio) from Itasy Lake (ITA)

fatty Jan Feb March April May June July Aug Sept Oct

acid? mean SD? mean SD mean SD mean SD mean SD mean SD mean SD kmean SD mean SD mean SD
12:0 038 012 030 013 039 021 041 018 032 005 029 0.09 032 011 041 006 035 013 030 0.12
13:.0 027 003 019 009 015 0.05 019 002 022 006 018 0.04 021 0.08 025 009 016 003 020 0.07
i-14:0 018 002 022 006 016 0.02 018 004 023 003 027 0.07 017 0.01 021 009 018 006 0.16 0.02
14:.0 163 023 171 019 140 036 171 038 151 019 167 026 181 032 174 026 163 019 151 0.25
14:1n-7 035 010 020 007 026 003 030 006 024 002 032 010 0.28 0.06 026 001 032 005 026 0.03
i-15:0 059 0.14 067 017 074 020 062 015 066 028 071 017 078 0.15 073 023 059 012 062 0.17
ai-15:0 030 006 034 011 024 003 034 005 030 002 022 003 035 010 028 006 030 005 023 0.03
15:.0 173 022 151 017 154 011 165 014 135 009 153 018 156 0.13 149 015 152 010 138 0.09
15:1n-8 026 003 032 005 019 004 023 001 020 004 029 0.05 030 0.02 026 002 018 002 029 0.03
i-16:0 034 006 042 008 046 0.05 038 003 040 005 044 010 046 0.06 043 003 033 006 037 0.07
ai-16:0 062 012 069 013 053 010 071 009 0.68 014 061 0.07 077 0.05 061 010 0.65 003 054 0.06
16:0 161 086 159 118 160 080 164 092 159 103 154 075 141 063 139 067 131 082 141 0.78
16:1n-7 514 036 476 058 527 024 540 062 6.18 056 532 019 542 0.60 502 030 455 039 464 042
i-17:0 091 010 099 008 112 0.07 088 011 092 018 087 0.06 096 0.12 082 016 075 013 080 0.14

ai-17:0 035 007 048 006 030 012 048 009 037 011 028 007 047 005 032 010 042 008 028 0.05
16:2n-4 019 003 023 006 019 005 024 008 020 003 018 001 021 005 026 005 016 003 020 0.05

17:0 274 022 281 018 234 023 240 026 287 034 271 010 238 021 221 015 248 024 225 0.18
17:1n-8 200 012 151 022 180 020 165 010 218 029 187 018 160 013 142 010 155 013 161 0.16
i-18:0 118 020 1.07 010 114 008 099 011 08 010 097 005 105 006 09 003 08 012 087 017
ai-18:0 054 010 046 009 057 011 039 003 032 006 036 010 049 010 031 005 031 004 034 007
18:0 535 038 528 042 538 030 55 026 497 030 532 031 502 021 461 022 483 018 523 056

18:1n-9 209 067 212 089 215 075 209 1.02 206 078 193 091 191 066 182 083 169 076 171 0.80
18:1n-7 429 023 445 047 386 033 393 033 426 019 461 039 401 044 399 018 432 042 414 050
18:2n—-6 129 122 130 147 132 103 130 206 122 176 118 150 112 211 113 173 103 085 106 116
18:2n-4 023 004 020 007 024 002 020 006 016 0.03 018 005 025 011 019 010 023 0.10 017 0.03
18:3n-6 084 010 074 012 066 007 082 021 081 016 094 013 094 002 087 014 09 015 086 011
19:1p-10 033 003 029 010 033 009 025 011 027 009 037 014 021 007 036 015 025 0.03 028 0.06
18:3n-3 161 036 18 023 213 016 189 034 162 028 184 042 239 033 205 028 197 041 207 0.09
18:4n-3 070 018 076 022 070 010 070 009 060 016 069 012 081 021 077 017 070 016 082 0.11
20:0 027 006 020 005 027 010 020 003 026 007 032 012 022 006 026 007 018 003 016 0.06
20:1 227 006 19 032 181 044 210 028 172 019 167 016 196 010 161 012 160 009 1.69 0.26
20:2n-6 055 009 064 018 057 013 059 016 054 010 056 015 060 009 048 012 055 008 0.62 0.10
20:3n-6 068 013 068 014 072 010 062 017 071 015 08 009 077 012 067 021 058 014 068 011
20:4n-6 321 042 29 033 294 039 275 018 334 031 409 030 491 028 563 050 594 046 562 038
20:3n-3 050 010 054 017 042 012 049 006 045 005 059 015 042 011 051 013 040 013 057 0.10
20:4n-3 032 006 034 004 043 007 032 002 038 005 034 010 027 003 030 006 036 008 030 004
20:5n-3 214 022 218 017 193 023 231 018 253 015 246 033 273 027 307 018 343 015 306 025
22:4n-6 106 020 124 019 142 031 133 042 162 022 194 018 203 006 236 018 252 013 249 0.15
22:5n-6 118 009 145 012 122 006 152 027 165 018 215 015 235 012 241 011 274 010 256 0.17
22:5n-3 162 025 207 014 233 018 214 033 203 017 235 020 279 016 389 014 428 018 395 0.15
22:6n-3 332 028 331 025 314 038 28 042 337 018 317 039 350 030 430 018 653 067 621 042

aPercent (w/w) of total fatty acids, determined as FAME by GLC on a Carbowax-20M column. ? Standard deviation.

Table 4. Range of Sums of n—-3 and n-6 PUFA and n—3/n—6 Ratios in Total Muscle Lipids of Carp (C. carpio) from Sisaony Station (SIS) and
Itasy Lake (ITA)

Jan Feb March April May June July Aug Sept Oct Nov Dec
SIS 2 n-62 20.44 20.98 - 21.73 21.82 21.56 22.80 23.03 21.40 22.71 21.81 21.34
X n-32 10.49 10.17 - 11.19 11.78 12.81 14.90 15.25 16.75 16.98 13.80 11.32
n-3/in-6 0.51 0.48 - 0.51 0.54 0.59 0.65 0.66 0.78 0.75 0.63 0.53
ITA > n—62 20.38 20.60 20.72 20.60 20.82 22.30 22.82 23.69 23.57 23.39 - -
> n-32 10.21 11.06 11.08 10.71 11.25 11.44 1291 14.89 17.67 16.98 - -
n-3/in-6 0.50 0.50 0.53 0.52 0.54 0.51 0.57 0.63 0.75 0.73 - -

aPercent (w /w) of total fatty acids, determined as FAME by GLC.

intend to examine the variations of fatty acid profile through (enclosed earthen pond, without feeding) of the experimental piscicul-
monthly sampling on carp, one of the main freshwater fish ture station of Sisaony, 20 km south of Antananarivo, altitude 1100
species of the Madagascar highlands. m; each monthly sample was also composed of three individual fish
when available, due to random captures. In all cases, sampling focused
on fish of the most commonly marketed size, that is;-30 cm in
length, 156-300 g in weight (roughly 1 year old). Individual fish were

Sampling. Fish samples were collected monthly from January to dissected, and portions of muscle tissue below the dorsal fin, devoid
December 2001, in two series: the first lot (code ITA) was purchased of skin and bone, were kept in ice far4 h before lipid extraction.
directly from fish collectors and/or fishermen the day of capture at Lipid Extraction. For each analysis~10 g of muscle was
Itasy Lake, 150 km west of Antananarivo, altitude 1100 m; each homogenized separately using a Warring blender. Lipids were extracted
monthly sample was composed of three individual fish. No fish was according to the Bligh and Dyer method7j. Phase was stored in
collected during November and December, due to closing of the fishing anhydrous sodium sulfate and evaporated under nitrogen for total lipid
season. The second lot (code SIS) was caught in the reserve ponctontent determination.

MATERIALS AND METHODS
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Figure 1. Range of main n-3 PUFA of C. carpio collected in Sisaony
station during the year 2001.
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Figure 2. Range of main n—3 PUFA of C. carpio collected in Itasy Lake
during the year 2001.

Gas Chromatography Analyses and Identifications of Fatty Acid
Methyl Esters (FAME). FAME were prepared as described by Christie
(18). A Delsi gas chromatograph equipped with a flame ionization
detector (FID) and a fused silica capillary column (25 m long, 0.28
mm i.d.) coated with Carbowax 20M (0/2n phase thickness) was
used for analyses. Temperatures used were from°C8(L0 min) to JFM A MJ J A S O ND
220°C, for the column, and 256C, for the inlet and detector ovens,  Figure 4. Range of main n—6 PUFA of C. carpio collected in Itasy Lake
raised at 2°C min~*. Identifications of fatty acids were carried out  during the year 2001.
using mass spectrometry of their FAME and their pyrrolidides and
compared to previously published result9,20). Combined GC-MS when lipid content is relatively low, close to 1% during the
was performed on a Hewlett-Packard model 5890 gas chromatographperiod January—April (warm season), and a higher stage when
instrument equipped with a mass spectrometer detector Hewlett-Packardipid content exceeds 1-41.5%, in July-October (cold season),
model 5989A and Hewlett-Packard 9000/345 integrator. A DB1 fused fqr hoth series.
silica capillary column, 30 nx 0.32 mm (i.d.) with a 0.2xm stationary . ; o i ;
phase film was used from 17C (4 min hold) to 300C (3 °C mir?) | Th_e lipid Con_tent,trar&gltng betwetleln ?'9 aé“?' 1'ZhA)’ '?‘ rel;;ltlvtily
for FAME and from 200°C (4 min hold) to 310°C (3 °C mirrY) for ow, in comparison to data generally found in other freshwater

fish: Rahman et al.5) found 1.1734.0% in Malaysian fish,

N-acyl pyrrolidide derivatives. Helium was used as carrier gas, the ion "~ 0 .
source temperature was 220, and the ionizing voltage was 70 ev. ~ With & value of 1.92% for common carp, whereas Aggelousis

Statistical Analysis. Principal component analysis (PCA) has been and Lazos (16) pointed out values of 68.5% for freshwater
performed by using the data set transformed into centered and reducedish from Greece. The data indicate that common carp is a lean
variables (standardized PCA). The data set was composed by the meaffish, according to Bennion24). Kiener (2) noticed that
value for each month for all variables: relative percentages of 41 FAME Madagascar highlands waters, situated in geological crystalline
and the lipid values (%LIP). Data were processed with STAT-ITCF formations, are low in minerals; thus, the food chain is relatively
program version 4 (ITCF). PCA has been choserj due to its ability to poor. This could explain the generally low levels of fat in carp
compare complex sets of data such as FA profiles; moreover, PCA i, the waters of Madagascar. We also note that the period of
has been previously used successfully to discern FA patterns (21—23).IOWest fat content corresponds to the spawning period for the
RESULTS AND DISCUSSION carp, that is, the hqt ;easoil)(during this period, digtary and

novel-synthesized lipids are mostly used for maturation of eggs,

Lipid Content. For the two series, lipid content (given in  which need considerable amounts of FZ5).

Table 1) is low, ranging from 0.93 and 0.91% for SIS and ITA Fatty Acid Profile. As seen inTables 2and3 andFigures
in April to 1.73 and 1.65% in September, respectively. Two 1—6, three FA dominate the profile, with generalyl0%
distinct stages in lipid content evolution appear: a first stage throughout the year: oleic acid (18:%9), with concentrations

v
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Figure 5. Range of main saturated and monounsaturated fatty acids of
C. carpio collected in Sisaony station during the year 2001.
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Figure 6. Range of main saturated and monounsaturated fatty acids of
C. carpio collected in Itasy Lake during the year 2001.

ranging from 17.0 (SIS, August) to 21.5% (ITA, March);
palmitic acid (16:0), at 13.1 (ITA, September) to 16.1% (SIS,
April), and linoleic acid (18:8—6, LA), at 9.6 (SIS, September)
to 13.2% (ITA, March).

The main PUFA other than LA are arachidonic acid (20:
4n—6, AA), at a level ranging from 2.9 (ITA, February) to 5.9%
(ITA, September), docosahexaenoic acid (22:6n—3, DHA),
ranging from 2.9 (ITA, April) to 6.7% (SIS, September),
eicosapentaenoic acid (20:53, EPA), ranging from 1.9 (ITA,
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Figure 7. Two-dimensional plot of the FAME profiles of muscle from carp
investigated by PCA for the year 2001. Each month is designated by its
number. The amount of variance relative to each axis and the FAME
providing the major contribution are given.

branched FA, in fair concentrations (near 1%). These FA have
been stated as usually found in fish lipids and often attributed
to planktonic or bacterial origin (26).

The FA profile is thus characterized by a dominance of SA
and MUFA, representing-40% of the total FA, a high amount
of linoleic acid (16-13%), and PUFA, ranging, for the—6
series (LA excluded), from 10 to 13% and for the 3 series
from 10 to 17%. Two opposite evolutions appear within two
groups of FA: on the one hand, major SA, MUFA, and LA,
showing a minimum in AugustOctober and a maximum in
January-April; on the other hand, PUFA, boti—6 (excluding
LA) and n—3 (excluding linolenic acid), with opposite minima
and maxima. Other major FA do not seem to show a peculiar
evolution scheme. As shown ifable 4, then—3/n—6 ratio is
lowest in the period January—April (~0.5) and rises to 0.8 in
September. The low ratio value is due to high levels of LA.

The FA profile generally conforms to those reported in the
literature: high levels of SA and MUFA are regularly reported
for freshwater fish, both in temperateg) and in tropical waters
(5). Chatakondi et al.2Z7) found a level of 11.5% of LA in
common carp, whereas Ackman et &8) reported about 40
50% SA and 2439% MUFA in Indian carps, with~5% each
of LA and linolenic acid. Higher levels af—6 thann—3 PUFA
are also reported in the literature: Ackman et 28)(found an
AA level of 5—10%, slightly higher than in the present work.
In regard to major FA, no difference appears between the two
series; both have the same evolution pattern, and amounts of
individual FA are always close, considering the value of standard
deviation.

Statistical Analysis. Figure 7shows a plot of observations,
represented by the mean of samples, and most representative
variables on the 1—2 plane. There appear two groups of
variables having major contributions to axis 1 (34.6% of total

March) to 3.4% (ITA, September), and docosapentaenoic acid information). Major PUFA and lipid contents are loaded on the

(22:n—3, DPA), ranging from 1.6 (ITA, January) to 4.3% (ITA,
September). Linolenic acid (1813 3) content is comparatively
low, from 1.6 (ITA, January) to 2.4% (ITA, July). The total
n—3 PUFA (Table 3) ranges from 10.2 (SIS, February) to 17.7%
(ITA, September) anch—6 PUFA (including LA) from 20.4
(ITA, January) to 23.7% (ITA, August). Other major FA are
the usual FA of fish lipids such as stearic acid (18:0), with
contents ranging from 4.6 to 6.3%, and palmitoleic acid (4.0—

positive part of axis 1 and palmitic, oleic, and linoleic acids on
the negative part of this axis. All variables within each group
show high correlation factors (near 0.9). Monthly plots of both
series seem to develop between these two poles, corresponding
to minima and maxima cited formerly: maximum PUFA and
lipid contents around Augus®October and correlative minimum

of palmitic, oleic, and linoleic acids, whereas the period
January—April shows inversion. PCA confirms the evolution

6.2%). One can note also the presence of odd-chain and/orpattern of FA profiles. Accumulation of lipids in muscle during
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the cold season (JulyOctober) is correlatively followed by an (13) Tanaka, R.; Higo, Y.; Shibata, T.; Suzuki, N.; Hatate, H.;

increase of PUFA levels and decreases of SA, MUFA, and LA Nagayama, K.; Nakamura, T. Accumulation of hydroxy lipids
during the hot (spawning) season. Highly negative correlations g‘4'iVe3‘;ih infected with fish diseasequaculture2002,211,

between the two groups suggest that during the cold season,
the fish converts actively dietary LA to—6 PUFA, probably
via the well-known biosynthetic pathway®9). The n—3

(14) Fontagne, S.; Burtaire, L.; Corraze, G.; Bergot, P. Effects of
dietary medium-chain triacylglycerols (tricaprylin and tricaproin)
and phospholipids supply on survival, growth and lipid metabo-

Pathwa}y frgm linolenic a,‘C'd IS not Clearly_ demonstrated, lism in common carpQyprinus carpiolL.) larvae.Aquaculture

linolenic acid levels showing no neat evolution; PCA shows 2000,190, 289—303.

the tendency of linolenic acid to get close to the PUFA group. (15) Geurden, I.; Bergot, P.; Van Ryckeghem; K.; Sorgeloos, P.
The two series coming from Itasy Lake (ITA) and the Phospholipid composition of common car@yprinus carpio)

experimental station of Sisaony (SIS) are clearly distinguished larvae starved or fed different phospholipid clasgegiaculture

by means of axis 2 (15.9% of total information), corresponding 1999,171, 93-107.

mainly with minor FA, such as branched ones. Among them, (16) Aggelousis, G.; Lazos, E. S. Fatty acid composition of the lipids
the most representative ard5:0, ai-18:0, andai-17:0 for the from eight freshwater fish species from Greetd~ood Compos.

i ; e Anal. 1991,4, 68-76.
positive branch, corresponding to the SIS series;igk®l0 and . o . . )
ai-18:0, for the negative one (ITA series). A minor PUFA, 18: (17) Bligh, E. G.; Dyer, W. A rapid method of total lipid extraction

. . and purificationCan. J. Biochem. Physial959,37, 911—-917.
3n—6, seems also to characterize the ITA series. Thus, separa- (18) Christie, W. WLipid Analysis Pergamon Press: Oxford, U.K.,

tion between the two series may reflect differences of compo- 1982; pp 52—353.
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