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INTRODUCTION:

The mobilization of fat in Tilapia zillii, j.e, its storage or withdrawal in the
different fish organs, is mainly influenced by the feeding and breeding activities
of the fish. Such mobilization is followed, in this study. through tracing the
monthly variation of both the percentage of fat and its saturation in the liver,
muscles ar d gonads in relation to the condition of these organs described in the
first paper.

METHODS AND TECHNIQUE:

The hshes used for this study were collected during the period from May
] 966 to June] 967. No attempt WI}S made to separate light and dark muscle.
An aliquot sample of flesh, liver and gonad, was taken and weighed. Each sample
was then extracted by Soxhlet apparatus following the method of Folch et 301
1956. The solvent USEdwas chloroform methanol (2 : 1 v / v). Iodine value was
determined by Hannus method. Wherever possible, operations were carried out
under an atmosphere of nitrog en. These determinations were determined on a
monthly basis, for fishes collected from Lake Mariut during the period May 1966-
June] 967.

RESULTS:

A. Fat Content in the Liver, Muscles and Gonads :

(a) Fat Content in the Liver:

The monthly average weights and the percentage values of fat (for both sexes)
are given in table 1 graphically represented in relation to the variations of G.S.I.
in Figure]. It is obvious that prior to spawning, the period from January to
May, the amount of fat in the female liver is generally higher than that in the male
Tills condition is reversed during the breeding period i.e. from June to September
as the male liver contains more fat. It seems therefore that female liver is
characterized by high storage and high withdrawal of fat than the male liver.

b) Fat Content in the Muscles:

The monthly values of the fat content in female and male muscles are graphi-
callyrepresented in Figure 2. It is evident that the maximum fat content in the
muscles of both females and males occurs in the time interval between the two
spawnings (July and August). The increase of the feeding activity of the fish
after the first spawn in June seems to cause a rapid storage of a large quantity
of fat in the muscles in preparation to the second spawning activ.ty of September.
Prior bo the first spawning period (January-May), the amount of fat in the female
muscle is higher than in the males. The drop in fat percentage taking place at
the end of the breeding period in September is also more pronounced in the fema-
les, and this supports the view that the m, turation of ovaries necessitates the
withdrawal of more fat than the testis.
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TABLE] .-MoNTHLY VALUES OF THE PERCENTAGE OF FAT IN THE J.lVER OF

FEMALE AND MALE Tilapia ziUii, TOGETlIER WITH THE WEIGHT OF

LIVER L."'l GRAMS

i Females Males

hlonth
Percentage of Weight of'the Percentage of Weight of the
fat in the liver liver in grams fat in the liver liver in grams

January 1J .30 0.67 9.80 0.66
February 11.20 0.73 9.80 0.73
March 7.30 1.195 7.02 1.]7

Iq

April. J7.80 ; J1.120 8.70 0.93
May ]1.60 0.58 10.98 I 0.47

June. 7.20 0.54 8.:::0 I 0..11

IJuly 9.90 0.61 ]5.50 0.30
I I

August
,

13.60 0.75 17.60 I 0.51I I

i

September 6.90 0.76 11.90 I 044I
October 9.00 0.'10 7.00 0.40

November. ]2.J0 0.63 12.20 0.46
December ]] .0 0.79 J1.5 o.ee
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TABLE 2.- MONTHLY VALUES OF THE PERCENTAGE OF FAT
IN THE MUSCLES OF FEMALES AND MALE Tilapia zillii.

Percentage of fat Percentage of fat inMonth in muscles of the
females muscles of the male

January 1.75 1.87

;' February 2.39 1.99

March 1.76 1.40

April. 2.08 1.49

May 1.63 : 1.3]

June. ].46 1.55

July. 3.08 3.30

. ..A.ugmt.. 3.66 . 3.06

Septemper 1.20 2.20

October 0.87 1.]0

November. 1.18 1.17

December 2.24 1.82
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(e) Fat Oontent in the Gonads:

The monthly variation of the percentage of fat content in the ovaries and.testes
aphically represented in figure 3. It is obvious that in the time intervals before
d after the breeding activity of the fish (i.e. respectively January-March
d October - Deecmber). The gonads contain a high percentage of fat which

are more pronounced in the males. In the time interval from June to September,
he percentage of gonadal fat approximates in the females and males.
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Fro. 3.-Monthly variation of the percentage of fat in the ovaries and testes of TILAPJA ZILUI.
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DISCUSSION:

The monthly variation of the fat content in the liver, muscles and gonads in .
relation to gonad maturity is graphically represented for tbe female and male in res- .
peotively figures4 & 5. It is noticed that the variation of the fat content in the liver
is more significant and more obvious thal' that in the muscles. The amount of fat.
in the female fish just prior to ripeness (April) is maximum in the liver and fairly:
high in the muscles. Since this is accompanied with' maxmium hepatosomatic index;
it indicates mobilization oflipids from the fat depots which are destined tobreeding
processes. When the fish becomes fully ripe i.e. G.S.I. is at i~smaximum in June,
the amount of fat content in the liver and muscles are minimal. This shows the
withdrawal of fat from the liver to the ovaries for its utilization in the development
of the eggs in the fully ripe ovaries. The decrease of the percentage of fat in the
ovaries may however be due to the fact that the rate of increase in lipids is
relatively less than that of protein, glycogen and others. This view is confirmed
when Weknow that the eggs of Tilap ia zillii are demersal; heavily yolked and
deprived of oil droplets. Tuapia z~1liiuses also its fat depot as a source of energy
during the breeding period. The fish shows parental care; it becomes very active
before spawning in making nests on the bottom to lay the eggs in and guard them
after spawning. After the first spawning, the fish feeds aotively and the fat
content in the liver and the muscles increases considerably in August in prepara-
tion for another spawning which takes place in September. In this month
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coinciding with the high G.S.I.; the percentage of fat in the muscles and the
liver decreases. This may mean that another withdrawal of fat takes place from
the muscles and the liver to the ovaries for the development of ova, and to provide
the energy necessary for the second breeding activity. In the male fish, the
monthly variation in the percentage of fat in the muscles, liver and testes is nearly
the same as in the female but the magnitude of variation is less pronounced.

In April, when the gonads begin to mature the percentage of fat in the liver
is very high and that of the muscle is fairly high, in the fully ripe fish of June, the
fat content in these organs drops and if' accompanied by high increase of G.S.I.
i.e. the fish is fully ripe. Again the percentage of fat in the muscles, the live.r
and the gonads begins to increase in July and August when the fish is preparing
itself for another spawning. In September, the fat content in these organs decrea-
ses to minimum at the same time the G.S.r. is maximum i.e. the fish fully ripe.

It seems that ovogenesis exhausts the fish more than spermatogenesis. This
is obvious in the maturing fish of March and April in which the fat content of the
muscles and liver is higher in female than male while the spawning female in June
has on the other han d lower fat content in these organs than in the male. The
same is also obvious during the second breading activity from July to September.
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TAB;LE 3.- MONTHLYVALUESOFTHE PERCENTAGEOF FAT IN OVARIESAND TESTES
. TOGETHERWITII THEIR AVERAGEWEIGHTSIN GRAMSIN Tilapia zillii.

Females Males

Month
Percentage of I . Percent ago of

fat in the Average wel~ht fat III the Average weight
. of the ovarres testes of rho testeaovarres

January 30.4 0.13 46.7 0.07

February. 32.0 0.15 42.5 0.07

March 15.3 0.24 22.6 0.09

April. 16.2 -1:20 I 10.0 0.12
: "

May: 12.55 2.31'
t

8.9 0.16
I

June. 12.4 2.00
I

8.9 0.17

July. 16.7 1.17 18.7 0.10

August. 15.0 1.63 16.2 0.16

September ]1.5 1 38 11.9 0.14

October 9.0 0;30 15.1 0.07

November I:?.1 0.13 30.0 0.05

December 11.0 0.14 32.0 0.06

Similar results have been found in other fishes; Deflandre (1903)mentioned
that the fatty deposition in the liver of the carp "Cyprinus earpio" preceeds the
sexual maturation and at the time of reproduction the fatty reserves of the liver
are transmitted to gonads and labelised for utilization of eggs. Weil (1914)showed
that fat accumulation is almost confined to liver in the sole fish "Solea vulgaris"
while in mackerel "Scomber Scomber" it is labelized in muscle and liver.

B. Fat Saturation in Liver, Muscles and Gon~ds of Tilapia zillii
: ',;

The quantity offat in the liver, muscles and gonads of Tilapia zilliiis subjected
GO seasonal variation. It is essential to trace the seasonal variation of fat satura-

, ;, tion In;.the liver, muscles and gonads for understanding, its.mobilization.ti.e, its»
accumulation in and withdrawal from these organs. .i- .', .': .• ! .".. ;', _1..-:.
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The monthly variation of fat saturation in the liver, muscles and gonadsof
females and males are graphically represented in figures 6 and 7, ,.. . ~"
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TABLE4.-MoNTHLY VAlUATIO}l"OF THE IODINE VALUE OF FAT IN THE MUSCLES8
LIVER AND OVA1UES OF FEMALE Tilapia zillii.

Month
I Iodine value of i

fa.t in the muscles
Iodine value in

the ovsriea
Iodine value of
fat in the liver

January 36.3 40.2 71.2

February. 51.8 53.5 G4.3

March 4:3.8 54 .5 [)3.4

April. 47.8 46.0 :38.5

May 5;\.8 47. G 40.0

June. !:i9.i 43.!J 35.9

July 33.9 4G.9 44.7

August . 36.7 4-3.7 54.6

September 39.1 50.4 4J.4

October 53.2 59.7 73.0

November. 51.2 45.3 55.9

December 57.7 55.0 50.0

It is obvious from the graphs that the sequence of seasonal changes in relation
to the simultaneous changes in the fat content and G.S.I. is similar in both sexes
and it is therefore sufficient to outline the monthly changes in iodine value in the
organs of female fish in relation to sexual maturity and fat content as follows:

In February, the fat unsaturation in the liver and the muscles increases and
this is probably due to the oxidation of part of fat in these organs to provide
energy for the rather less actively feeding fish of that cold month. In March,
the fish resumes its normal feeding acti vjty and the increase in both the H.S'!.
and fat unsaturation of the liver mean that accumulation of fat in the liver is
taking place. The rise of the fat saturation of the ovaries in that month may be
due to a direct selective withdrawal from the alimentary canal of material gained
from feeding recovered for the formation of essential structural elements like lipopro-
tein and phospholipids in them. The high fat unsaturation in muscles, liver and
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ovaries in May probably means on the other hand a withdrawal of fat from the
muscles to the liver and its accumulation in the ovaries. This is also shown from
the decrease of the condition of the fish flesh, H.S.I. and percentage of fat in both
the muscles and the liver and the rise in the G.S.I. At the magnitude of the first
spawning in June, the fat unsaturation in the muscles becomes higher while that
of the liver is moderate and that in the ovaries is the least. This could be explained
as due to the storage of different ratios of saturated and unsaturated lipids in these
organs i.e. the muscles contain a high ratio of unsaturated fat while the ovaries
contains a high ratio of saturated lipids. In July, the fat unsaturation in the liver

.muscles and the ovaries increases and reaches a high degree of unsaturation in
August. This means that accumulation of fat in these organs is taking place
during this period as a result of the active feeding of the fish to prepare itself for
the second spawning activity.

TABLE 5.-MoNTgLY VARIATION OF FAT UNSATURATION IN 'rHE MUSCLES,
LIVER AND TESTES OF MALE Tilapia zillii.

Month
Iodine value or Iodine value of

fat in the muscles fat in the liver
Iodine value of
fat in the testes

January 36.8 36.9 51.1

February. 46.8 56.0 53.4

March 4.3.6 40.8 40.8

April. 47.9 51.4 64.3

·May. 55.5 49.8 72.6

June. 32.4 29.2 43.1
July. 32.2 48.5 48.9

August. 46.6 54.8 65.7
September' 37.3 53.4 45.9

Octtber 59.3 18.] 73.8

Novebmer , 47.1 51.5 58.3

December 55.7 45.9 78.4
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During the 'climax of the' second spawning in September, the fat un saturation
in the liver and the muscles is high indicating withdrawal of fat from the liver
and the ovaries. This is also obvious from the increase of G.S.I. accompanying
the drop in the condition of the fish; H.S.I. and the percentage of fat content in
the liver' and the muscles. The fat' unsaturation in the ovaries is low in that month
and this is probably due to its transformation to saturated lipids essential for
the formation of ova. In October, the fat uusaturation in the liver, muscles and
ovaries is high as the spent fish feeds actively and accumulates fat in itsmuscles
to recover its normal condition which is also clear from the rise of the condition of
fish.. The residual fat lefti:Q ovaries and the liver of spent fish is highlyunsaturated

DISCUSSION:

The breeding and feeding activities in the several species of warm temperate
and, cold water fishes are founkGO undergo cyclic chan ges regular from year' to
year. They affect greatly the condition and fat content of the organs(i.e. the muscles,
the liver and the gonads). The increase in the feeding activity no doubt improves
greatly the condition of the somatic organs of the fish such as the muscles and
liver due to the increase in the fat reserve stored in them. This is directly in opp-
osition to the effect of the breeding activity in which the maturing gonads utilize
considerable material including the fat reserve of various organs to attain full
ripeness.

The cyclic char.ges in these two biological activities and their effects on the
condition and fat reserve of different organs are clearly demonstrated in the prolific
fresh water tropical fish Tilapia zillii. The breeding period of the population 'of
this fish from different aquatic habitats of Egypt extends from May to September.
The breeding activity in this fish affects the rate of feeding which almost ceases
at full ripeness and during spawning. It also affects the condition of both the
fish muscle and liver which at the climax of spawning activity have relatively
small weght values. During the quiescent phase of the gonad, the fish feeds
normally or even excessively as happens in the spent individuals just after spawning.
Part of the material gained from feeding are stored in the form of fats in the different
body organs. The low water temperature prevailing in the Delta Lakes in winter
(the main habitats of the cichlid fish in Egypt) seems, however, to be unfavourable
for this tropical species and its feeding activity slows down. The decrease in the
condition of muscles and liver of Tilapia zillii duringthe breedng period means
that the gonads, to a certain extent,depeLd on material drawn from these organs
to attain full ripeness.

The weight of the maturing gonads progressively increases and maximum
weight is attained at full ripeness. A significant increase takes place in the weight
of the ovary of female individuals at full ripeness and this is reflected on the fish
weight, which increases during this period. This is in contrast to the two warm
water sardine species represented in Egypt namely Sardinella maderensi« and
Sardinella aurita in which the small weight of their fully ripe ovaries does not
compensate for the obvious decrease in the fish weight during their breeding in
summer (El-Maghraby, 1960, ] 969).
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Different authors have studied the variation in the condition and amount of
total lipids in the muscles and (or) liver of the fish in relation to sexual maturity.
There is no need to repeat statement of the results of these authors, since they
are considered in details in the previous paper.

Bougie (l952) in his work on MUllidaehas also reviewed several previous works
done in this connection and accordingly classified the fishes with respect to
the main organs of stocking the lipids in two groups:

Gadus type: which include various species of Cod family and this type is
characterised by accumulation of fat in the liver before the formation of genital
products. The muscles in these fishes have low and constant amounts of lipids.

The MUllus type: in fishes of this category, the liver does not function as
accumulator of fat, the muscles show important variations in their fat content
and the role of the liver seems only to be receiving Iipids from the muscles and
renders them available for the gonads during vitellogenesis.

The two Egyptian Sardinella species mentioned before could be regarded as
belonging to the Mullus type. EI-Saby (1934) has shown that the fat content
in these two species were very low during their summer breeding period, it increases
by about 30 % of the total weight during autumn when they feed excessively on
the bloom of plankton organisms. This has been verified by EI-Maghraby (J 969)
who found that the increase in the weight of the two Sardinella species from summer
to autumn is about 1 /3 of the fish weight.

SUMMARY

It appears from the significant seasonal variation in the condition of the
liver and muscles of Tilapia zillii that both of them store fat which is withdrawn
from them during the breeding period to be utilized in gonad maturation.

Accumulation and withdrawal of reserve material from the liver and muscles
of Tilapia zillii are also detected from the relatively high unsaturation of their
fat content. These high u-isaturation values usually prevail whenever the fis.,
increases its feeding activity and also at the time of gonad maturation. The high
fat saturation occurring in the liver and gonad at the climax of breeding activity
is most probably due to the presence of saturated phospholipids and lipoproteins
essential for the formation of ova and sperm. .

The oichlid fishes of the Genus Tilapia occuries a prominent position in the
inland and lake fisheries of U.A.R. of these fishes, Tilapia zillii Gerv. plays an
important role since, it has a wide distribution, owing to its euryhaline nature.
in the brackish water lakes, even in the saline environment of 1ake Quarun. The
study of the biology of this prolific species has received much attention. It is
attempted in this study to estimate the fat metabolism of this important species
in relation to the biological features which control it.
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The chief results obtained from this study could be summarized in the
following:

1. The monthly changes in the amount of fat in the muscle, liver and gonads
has been followed.

(a) The fat of the muscles is fairly high in winter and early spring. It drops
significantly in May accompanying the first spawning activity of the fish.
.AA a result of the increase in the rate of feeding of the fish after the first
spawning activity. the percentage offat in the muscle rises considerably and
·the maximum values are thus recorded in July and August. The lowest
percentage of fat in the muscle are those of the spent fish in October.

(b) The fat content of the liver is subjected to two prefound rises occurring
respectively in April (or May) and August. They indicate a high fat reserve
accumulated prior to the first and second spawning activity. The rise in
the fat content of August results from the heavy feeding of the fish after
its first spawning.

The most significant drop in the fat reserves of the liver coincided with
. the climax of the two spawning activities i.e. in June and September.

(c) The percentage of fat content of the immature gonads during their winter
rest phase are high. It gradually decreases in spring, with the gradual
progress of gonad maturation. But as a result of the high gonad weights
recorded in the breeding season (May-September), the quantity of fat in
in them is several times greater than at other season. .The lowest fat
content are those of the autumn which represent the spent condition
of the fish.

2. Estimation of the fat saturation of the muscles, liver and gonads in different
months as a mean to detect the mobilization of fat accompanying and following
the breeding and the feeding activities of the fish was also attempted. The possible
reasons for the recorded variations are as follows:
(a) The increase in fat unsaturation in the muscle and the liver of the maturing

fish taking place in March and April means accumulation of fats in these
organs in preparation to the breeding activity.

(b) In the maturing and fully ripe fish, the increase fa,t unsaturation in the liver
and the muscles of May and (or) June indicates on the other hand withdrawal
of fat from these organs to the gonads.

(c) The decrease in unsaturation recorded sometimes during the breeding period
in the liver may be due to the formation of phospholipids and lipoprotein!'
necessary for ovogenesis and spermatogenesis.

(d) The .spent fish feeds vigorously in autumn and part of the material gained
accumulates in the liver and muscles and hence the high fat accumulation
recorded in these organs at that time.

(e) The increase in fat un saturation in February in the liver and muscles may
be due to the oxidation of fat to supply the extra energy needed in this cold
month.
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The high unsaturation of fat in the gonads recorded in autumn and winter
possibly means that they are passing a. quiescent phase following or preceding the
arlivity in the breeding season.

Fat saturation in the gonads is obvious during the breeding period(May-
August) and this is due to the formation of phospholipids and lipoprotein necessary
for formation of the ova and sperm.
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