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Abstract The body components of female rainbow trout (Salmo gairdneri) reared in an experimental fish 
farm were studied during sexual maturation. For a period of 13 months, carcass, liver, gut and ovaries 
were sampled every month and their fat and non fat constituents analysed. In the trout, lipids are 
mainly stored in the carcass and to a less extent in the gut and ovaries. The distribution ranged from 
65 to 730/,, 31 to 6% and 0.1 to 20%. respectively from the beginning to the end of sexual maturation 
(hfarch-November). Whatever the stage, carcass and visceral total lipids (TL) were mainly composed 
of neutral lipids (NL). The ovarian NL relative to TL content dccreased from 90% during the first 
gonadal slow growth phase (SG. 1 from hfarch to June) to 60% at ovulation in October or November 
while the proportion of phospholipids (PL) increased during the second slow growth phase (SG. II 
from July to August) and the rapid growth phase (RG from September until ovulation in October or 
November). This observation suggests that trout preferentially incorporate fatty acids into phospholi- 
pids in the oocyte during late ovarian growth. 

During sexual maturation there was a large mobilisation of carcass and visceral lipid rescrves, but 
non fat dry matter (NFDSI) was only slightly changed. In Our experimental fish (mean aeight 12008) 
the loss of lipids averagcd 7Gg (42 and 31g. respectively frorn the carcass and gut) versus 33g for 
NFDSf (from the carcass mainly). Loss of visceral lipids began during SG. 1 and ceased at ovulation 
in November, whereas loss of carcass lipids seemed to start during the RG phase and finished 1 
month after ovulation. 
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Dépot et mobilisation des lipides corporels uu cours du cjcle sexuel chez la truite femelle (Salmo gairdneri 
Richardson). 

L'évolution des constituants corporels au cours du cycle sexuel est étudiée chez des truites femelles 
Salmo gairdneri élevécs en pisciculture expérimentale. Ilurant une période de 13 mois, carcasse, foi:. 
tubc digestif et ovaire sont prélevés tous les mois et leurs constituants lipidiques et non lipidiques 
sont déterminés. Chez la truite, les lipidcs sont principalement stockés dans la carcasse, et à un 
moindre degré, dans le tubc digestif et l'ovaire, variant respectivement de 65 H 73%. de 31 à 6% et de 
O à 20% du début à la fin du cycle sexuel (mars-novembre). Quel que soit le stade considéré, les 
lipides totaux (TL) musculaires et viscéraux sont constitués pour l'essentiel des lipides neutres (NL). 
Par contre, dans l'ovaire, la teneur en NI. rapportée aux TL diminue de 90% au cours de la première 
phase de développement lent des gonades (SG. 1 allant de mars à juin) à 60% à l'ovulation en octobre 
ou en novembre, tandis que la part des phospholipides (PL) au cours de la 2' phase de développement 
lent (SG. II, de juillet à août) et de la phase de développement rapide (RG, de septembre jusqu'à 
l'ovulation en octobre ou novembre) augmentent. L'incorporation des acides gras, sous forme phospho- 
lipidique, dans l'ovocyte aux stades terminaux de la croissance ovarienne serait donc privilégiée chez 
la truite. 
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A u  cours du cycle scxucl, Ics lipides de réscrve de la carcasse et du tube disgestif subissent une 
forte mobilisation, mais la matière sèche non lipidique (NFDSI), en rcvanche, est peu modifiée. Chcz 
Ics poissons étudiés (poids moyen 1200g). la perte de lipides est en moyenne de 67g (42g et 34g 
rcspcctivemcnt à partir de la carcasse et du tube digestif) contre 32g pour la NFDSI (à partir de la 
carcasse essentiellement). La perte des lipides viscéraux commence au cours de SG. 1 et s'achève à 
l'ovulation en novembre, tandis que celle des lipides musculaires ne débute apparemment qu'au cours 
de RG et prend fin un mois après l'ovulation. 

iilots-clés : Truite, lipides, reproduction. 

In fish, the ovarian growth leads biochemically to 
the accumulation of proteins and lipids in the growing 
oocytes (Lovc, 1970). The material dcpositcd in ova- 
ries is of dual origine: exogenous (dietary) and endo- 
genous (mobilised from carcass, liver and gut). The 
tissular origin of these matcrials varies from onc spc- 
cics to anothcr (Lovc, 1970, Shulman, 1974). 

The utilisation of tissue resewes during sexual 
maturation has been reported for several fish species 
in the natural environment. In Sockeye salmon, 
Oncorh~nchus nerka (Idlcr and Bitncrs, 1959), Ameri- 
can plaice, Ilippoglossoides platessoides (hlackinnon, 
1972), pcrch, Pcrcafluriatilis (Craig, 1977) and Euro- 
pcan plaice, Plcuronectcs platessa (Dawson and 
Grimm, 1980), protein and lipid body reserves decre- 
ase during gonadal development. Conservely, in Nor- 
thern pike, Esox lucius (Diana and hlackay, 1979) 
and in Anabantid, Trichogasrer pectoralis (Hails, 
1983), the body rcscrvcs arc not significantly rcduccd 
during ovarian growth, but they bcgin to decrease 
during spawning. 

Few data are available on changes in body reserves 
during sexual maturation in farmed fish in general 
and salmonidea in particular. hlobilisation of carcass 
lipids was studicd in rainbow trout, Salmo gardneri 
(Tveranger, 1985) and Atlantic salrnon, Salmo salar 
(Aksnes et al., 1986) in sea water farming conditions. 
In the present study, WC investigated the naturc of 
tissue lipids in trout raiscd in frcsh \vater and the 
contribution of cach tissue to the pool of lipids mobi- 
Iiscd during scxual maturation. An attempt was made 
to estimate the proportion of mobilised lipids used 
by the egg. 

Experimntal conditions 

the animals received a commercial diet (Aqualim, 
Roullet, Saint-Estephe, France) containing 8% lipids 
of which the fatty acid composition has bcen reported 
previously (Léger et al., 1981). Thc cxpcrimcnts lastcd 
13 months (from hlarch to hlarch) and thc mcan 
weight gain during this period was 785 to 1622g 

Table 1. - Seasonal variations in total fish weight. 

Sampling Fish number 
and physiological IVeight (*) 

Date stage (") (g) 

Xlarch 6 SG.1 785 + 162 
April 6 » 899 f 220 
June 6 » 1177k235 
July 6 SG.11 1 338 f 59 
August 6 » 1238 I l 4 6  
September 6 RG 1523+81 

non OV 6 » 15522 194 
October 

OV 6 » 1471 + 185 
November 6 » 1510f248 
December 6 POP 1249I219 
January 6 » 16225 125 
Fcbruary 3 » 1 446+ 580 
Xlarch 4 » 15435219 

(*) hleankstandard deviation. 
(**) SG.1 and SG.11: the first and second slow growth phases of 
gonads respectively, RG: Rapid growth phase, OV: Ovulation, 
I'OR I'ostovulatory period. 

(table 1). During ovarian growth (hlarch to October), 
6 females were sampled each month (cxcept in hlay). 
At ovulation (Octobcr-Novcmbcr), 6 ovulatcd 
fcmalcs wcrc samplcd pcr month. The rcst of thc 
ovulatcd femalcs were strippcd and studicd for a 
period of 4 months during which 6, 6, 3 and 4 fisli, 
respectively were sacrificed in December, January, 
February and hlarch. At slaughter, fish were indi- 
vidually weighed and the different body compart- 
ments: carcass (gutted fish), liver, gut and ovaties 
werc analysed. 

total of 250 rainbow trOUt, Salm0 gairdneri, werC Sample nnalysis and of data expression 
raised from the age of 2 sears in a 5 m wide, 6 m  long 
and 1 m deep experime~al  pond at Gournay ( 0 i s i  Each fish was analysed separately. The carcass, 
France). During the experimcnt, thc temperaturc liver, gut and ovaries were lyophilised and the dry 
rangcd from 7 to 15°C. Immcdiately after yolk matter (Dhl) content determined. The lyophilisates 
sac rcsorption and until thc end of the experiment, were stored at -30'C until analysis. Total lipids (TL) 
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werc cxtracted according to the method of hlaxnell 
cf  al. (1980). The fact extract was dricd, weighed at 
constant weight and T L  contents and weights were 
determined. The fat extract of each tissue was dissolv- 
cd in chloroform (1% w/v). Lipid phosphorus was 
cvaluatcd according to the mcthod of Bartlett (1959) 
for dctcrmining the phospholipid content (PL). The 
weight of non phosphorus lipids or ncutral lipids 
(NL) was obtained by difference between the weight 
of tissue T L  and that of PL. The NFDhl value was 
obtained by differcnce bet~veen tissue dry ~vcight and 
TL Iveight. 

All parameters arc expresscd as means f standard 
dcviations in both text and tables. In the figures, 
paramctcrs are expresscd as mcans with 95% confi- 
dence limits. 

Statistical analysis 

The homogeneity of variances \vas checked by 
Fisher's F-test (Sncdccor and Cochran, 1957). Com- 
parisons of means \vere made by Studcnt's t-test. 

Changes in body rescrves during sexual maturation 

O rarics 
Frcsh Ivcight as well as DhI and T L  wcights incre- 

ascd significantly (p<0.01) during SG.1 (first phase 
of gonadal slow growth, hIarchJunc), thcn again 
during SG.11 (second phase of slow growth, Septem- 
ber-November) and RG (rapid growth phasc, Septem- 
ber-November). During the postovulatory period 
(1>01', Dcccmbcr-hlarch), the fresh wcight as bvcll as 
Dhl and TL weights decreased and thereafter incre- 
ased, reaching in hlarch a value exceeding 0><0.05) 
that observed in hlarch the year before ( j g .  1 A). 

Whatever the phase considcrcd, the NFDh1 weight 
widely cxcceded that of TL. The NFDhl/TL ratio 
was 2.9 in hlarch, 1.3 in Junc, 1.7 in August, 2.6 in 
Octobcr and 2.9 in November. 

Lipid Lveight incrcascd from 1.05+0.44 in Junc to 
4.25-r 1.88 in August, and thcn to 28.23k6.77 in 
October in non ovulated animals. T L  Iveights of ani- 
mals ovulated in October and November were 
23.05 + 3.48 and 25.1 1 + 7.48, respcctively. The ~veight 
of lipids dcpositcd in the oocytes \vas 1.1 g during 
SG.1, 3.1 g during SG.11 and 19-23g during KG. 

Whatever the groivth phase considered, NL remain- 
ed the major lipid fraction but its relative importance 
in ovarian TL varied considerably. The NL/PL ratio 
\vas very high during SG.1, decreased already mar- 
kedly during SG.11 and cvcn more during RG 
(fi. 1 BI. 

Frcsh kvcight as ~vcll as dry matter (Dhl), non fat 
dry matter (NFIILI) and total lipid (TL) tveights 

OVA R l ES 
figure 1. - Changes of lipidic and non lipidic weiphts of ovarics 
during sexual maturation of rainbow trout (Solmo gairdneri). A. 
Total weight (ïiv), dry matter (DM) non fat dry matier (NFDXI) 
and total lipids (TL). B. Neutra1 lipids (NL) and phospholipids 
(PL). 

increased markcdly bcttvccn hlarch and Junc and 
slightly bet~veen July and August (jg. 212, table 2). 
From Scptcmbcr to Dccember, carcass fresh iveight 
increased only slightly, while ~vcights of lipid and 
non lipid componcnts decreased. Compcired with the 
values recorded in August, the NFDhl weight decrc- 
ascd by 2.4 and 2.5% in October in non ovulated and 
ovulated animals, respcctively, by 9.2% in November 
and 10.8% in December, i. c. 6.8, 7, 25.5 and 29.9g, 
respectively. During the samc period, the T L  weight 
dccrcascd by 5.1 and 10.7% in Octobcr, by 23% 
in Novcmbcr (p<0.01) and by 37.5% in Dcccmbcr 
(p<0.01), i. c. 5.7, 12, 25.9 and 42.2g, respcctively. 
This dccrcasc was mainly duc to that of neutral lipid 
(NL), the phospholipid (PL) weight varying slightly 
during this pcriod, 8.59k1.18 in August, 6.71f 1.25 
in Dccember ( j g .  2 B). 
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DIGESTIVf: TRACT 
Figure 3. - Changes of lipidic and non lipidic weights of digestive 
tract during sexual maturation of rainbow trout (Salmo gairdner~'). 
A. Total weight (TW), dry matter (DM), non fat dry matter 
(NFDM) and total lipids (TL). B. Keutral lipids (NL) and phos- 
pholipids (PL). 

RG, suggcsts that during late ovarian growth the 
trout prcfcrcntially incorporates fatty acids in the 
oocyte in the forrn of PL. In rainbow trout (Naka- 
gaiva and Tsuchiya, 1971), brook trout, Salrclinus 
Ji~ntinalis (Atchison, 1975) and Atlantic salrnon, 
Saln~o salar (Cowey et al., 1985), the I'L rich yolk 
globules arc prcfcrentially uscd during ernbryonic and 
Iarval development. This might cxplain the storage 
of PL in the oocyte. Unlike othcr body cells, the 
phospholipids do  not only play a role in the rncm- 
brane structure of this type of ccll. They also have 
an important physiological role as reserves of essential 
fatty acids which rire kno~vn to be necessary for build- 
ing the structures of the ernbryo (Léger et al., 1981, 
Leray et al., 1985). 

In trout, sexual maturation leads to large changes 
in body NFDhl and especially TL. According to the 
rcsults of this study the TL  content dccreased by 42g 
(37.5%) in the carcass and by 33g (81%) in the gut; 

w w d v  
-SC1 -SC1  R C  - POP- 

Phpioiopicol stage 

LIVER 
Hgure 4. - Changes of lipidic and non lipidic weights of liver 
during sexual maturation of rainbow trout (Salmo gairdneri). A. 
Total weight dry rnatter (DM), non fat dry matter (NFDM) 
and total lipids (TL). B. Neutral lipids (NL) and phospholipids 
(PL). 

the NFDh1 content decrcascd by 30g (10.8%) in the 
carcass and by 3g (52%) in thc livcr. 

Thcsc results are in agrccrncnt with othcr studics on 
rainbow trout (Tvcranger, 1985) and Atlantic salrnon 
(Aksnes et al., 1986) in seawater farrning conditions. 
These studies show that body fat and NFDh1 are 
rnobilised during the reproductive cycle and that this 
mobilisation is higher for the former than for the 
latter. Our results are partly contrary to those obtain- 
ed in Northern pike (hlcdford and hlackriy, 1978), 
American plaicc (hlackinnon, 1972), European plaice 
(Dawson and Grimm, 1980) and Sockeje salrnon 
(Idler and Bitners, 1959) in which sexual maturation 
leads to a decrease of the sarne magnitude in protein 
and fat content. Such diffcrcnces might bc due to the 
relative arnount of body protcin and body fat when 
these rcscrves are largely rnobilised towards the 
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Table 3. - Lipid balance of rainbow trout (Salmo gairdnmi) at different physiological stages(*) during sexual maturation. 

SG.1 SG.11 R G RG 
Mar.- Ju1.- Sep.- Sep.- RG l'OP Sep.- Total 

Jun A ug. &., (O) m. (00)  NOv (00)  Dec. lipids (**) 

hfobilised lipids (g) Digestive 
tract 4.2 9.8 10.4 18.1 19.8 - 33.8 

Carcass - - 5.7 12.0 25.9 16.3 42.2 

Deposi~ed lipids (g) Ovaries 1.1 3.1 24.0 19.2 21.3 - 28.2 to 0ct.O 
23.4 to 0ct.O" 
25.5 to Nov.O0 

Lipid balance (Ooo) (%) 26.2 31.6 149.1 63.8 46.6 - 
(*) For abbre~iations see table 1. 
(**) Total lipids, i. e. 28.2 (to &l., for non ovulated) = 1.1 +3.1+24. 
(O) and ('9 Non-ovulated and ovulated animals, respectively. 
(Oo") Deposited lipids/hlobilised lipids x 100. 

oocyte. In fish with a fatty carcass, lipids are preferen- 
tially mobilised; in fish with a carcass which is natu- 
rally lean or has bccome so because of sexual matura- 
tion behaviour (fasting-migration), the loss of proteins 
is very large. 

It seems that the lipolytic activity of the gut was 
highcr than that of the carcass tissue. As comparcd 
to the Iipid volume present in each tissue, the TL 
content decrcased by 23 and 81%, respcctively in 
the carcass and gut between March and November 
(ovarian growth period) and by 37 and 81%, respec- 
tively between hlarch and December. The lipid 
mctabolism seems to bc particukrly active in trout 
adipose tissue both in terms of lipogenesis and lipo- 
lysis involving lipoprotein-lipase and extrahepatic tri- 
glyceride-lipase, respectively (Sheridan and Allen, 
1983). These results are similar to those of other 
authors (Skinner and Youssef, 1982, Black et al., 
1983) showing that thc highest specific lipoprotein- 
lipase activity is that of the perivisceral adipose tissue. 

The values of figures 2 and 3 show that during 
sexual maturation the metabolism in the two reserve 
tissues changed. The loss of visceral fat started during 
SG.1 and ceased at ovulation, while that of carcass 
fat began during RG and finished one month after 
ovulation. 

The lipid balance (table 3): TL deposited in oocytes- 
/mobilised lipids reflects a trend towards: 1. a prefe- 

rential utilisation of mobilised lipids for energy 
purposes during SG.1 and SG.11, 2. a prcfercntial 
utilisation in the form of storage in the oocytes during 
KG. However, these lipid balance values are only 
indicative, since the direct supply of dietary fat to the 
egg was not taken into account. These values can be 
estimatcd indirectly on thc basis of variations in the 
level of n-3 essential fatty acids in anirnals of the 
same age subjected to a deficiency in thcse acids 
throughout the reproductive cycle (unpublished data). 
According to our results, a maximum of 50% of the 
total lipids deposited in the oocytes were of dietary 
origin. It may thus be deduced that 18% of the lipids 
mobilised during sexual maturation are directed 
towards the ovaries. This value is similar to that 
reported in European plaice (Dawson and Grimm, 
1980), i. e. 22%, but much higher than that reported 
in Sockeye salmon (Idler and Bitners, 19591, ranging 
around 8%. 

During the RG phasc, the additional loss of lipids in 
ovulated anirnals, without concomittant deposition in 
the egg, indicates that spccific ovulation events represent 
large energy expenditures, as shown in different spccies 
(Love, 1970, Shulman, 1974). Our results show that the 
flux of lipids towards the egg was interrupted during 
late oocyte maturation and consequenccly that a 
mobilisation of the latter for energy purposcs only took 
place during the same period. 

The authors are grateful to Marc Weber for preparation of graphs and to Kirsten Rérat for translation of the manuscript 
into English. 
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