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Lipid content of the muscle and activity of lipase enzyme in the liver and digestive tract of Lafes niloticus Cu/mrz‘n‘u)s
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citharus and Auchenoglanis occidentalis were studied. The highest lipid content (14%) was récorded in’A. occidentalis
adults, while the lowest lipid content was obseived in L. niloticis Jwveniles. Lipase activity wag observed i'the liver,
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anterior, median and posterior portions of the digestive ract of /. nitoticus, C. cithares and A occideéntalis. The activity
of lipase enzyme in the liver was high in the three fish species studied and the activity was statistically different. 1ligh

lipid content of the muscle conelated with high activity of lipuse in the liver of the fish specics.
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INTRODUCTION

Fish body composition and cnergy content can be
used as indices for the physiological state of the fish. The
fipid content of the fish fluctuates with age, scason,
physiological and nutritional status. (Craig 1977 and
Soricguer et al. 1996). Fish oil consists of unsaturated
faty acids which has beneficial effeet on blood lipid
composition. Fish oil supply preformed omega - 3 longer
chain polyunsaturated fatty acids which are needed for
cell membrane transport in higher veriebrates because
fish bodics have already converted essential fatty acid
alpha linolenic acid from various food sources, (Betler
Nutrition, 2000). v

Among the works reparied on fish lipids were:
Padron ct al. (1996) on bone fish Albula spo They
demonstrated that lipid catabolism accounted for about
805+ of the total encrgy production in larvae duting
metamorphiosis. Clucas and Ward (1996) classificd [ish

based on their lipid content into lean fish iess than 0.5% ‘

fit, semi-fat fish contain 0.5 — 2% and fatty fish have
more thin 2% fat. There is also variation in fat content
witl season. Achionye-Nzeh and Omorodion (1999,
2002), Achionye-Nzeh (2002) worked on some Nigerian
freshwater  fishes and  demonstrated  that Heterotis
niloticus,  Brycenus nurse, Gnathonemus cyprinoids,
Hepsetus odoe, Synodontis membranececus and 0,
niloticus comained more than 2% fat and were classified
as fauy fishes.

Some of the neutral lipids present in the fishes
were: free fatty acid, and cholesterol esters and the
phospholipids present in the fishes were phosphatidyl
ethanolamine, phosphatidic acid and sphingomyelin, The
ability of fish and other vertebrates (0 use nutrients hag

. been attributed 10 factors such as synthesis of “l”l'“""’pl‘lil‘lc
enzyme, the production of the enzyme in sujtuble amoun
and enzyme distribution along the gut lymen, Anatysis of
gut sections has been identificd as the begt way of

assessing the digestive capacity of fish (Buddington ef ul.

1997, Lundstedt er al. 2002). In the Biuzilipy catlis)

Pseudoplarystoma coruscan, lipuse activity wag usécssc(J

ulo.n_; the gut and results obtained shawed that there wis
uelyIGy of enzyme lipase in he anterior, middle and
postenior sections of the put with (he highest activity

recorded in the midgut, (lundstedt ¢ al, 2002).
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The fish species used in‘,'prc's‘é'ﬁ:f"':study'wcrc L
niloticus, C citharus and A occidentalis.’ L niloticus
belongs o the Tamily centropomidae. It is commonly
called the Niger perch and it is’ thebiggest freshwater
fish in Nigerian water altaining a weight of 80kg (Holden.
and Reed 1972). C citharus and A. occidentalis belong to
familics Citharinidae and Bagridae respectively. These
fishes are economically important to freshwater fisheries
of Nigeria and they are consumed .unl?rﬁg the populace.

The objective of this work is to"clucidate the lipid
content of the muscle and activity 'of'Jipase enzyme in

the gut and liver of L nilovicis,' A occidentalis and C,
N - s 1 ¢

citharus, also 10 shaw if 'l,hcr.c':is’:c:on‘ci:}dlior
enzyme activity and lipid content of lli'c“ril%jsclé: it
L P N Y P T

MATERIALS AND METHCDS .
Specimens of A, oceidentalis;” . cithdarus and L.
nil(.:u'c:-u‘.\"__sxudicd‘ were collected between Mareh and
September 2004 in Horin, Nigeria. Sixty live specimens
were collected during the research period: The fish were
transported to the laboratory in ice chest. Standard length
and total weights were taken, The head was decapitated,
The digestive (racts were dissected out “and the total
length of eacl digestive tract “was' measured. The
digestive tract was divided into three sections according

to De Silva and Anderson (1995), %=

\' ‘between

ey
ST

Lipid extraction from the muscle of A occidentalis,

C. Citharus and L. niloticus was “carried out using

_Soxhlet extraction miethod of AOAC_(I’QSQ)f.'Fivc grams

of the muscle of cach specimen was “used for the
o ROREVIN MIPHY . .

Tissue extracts:  Samples’ fr(ﬁ;}""_:l‘ivcxj." anterior,
median and posterior sections of lhé"gligésljf\_’é tract were
homogenized in cold 0,25M sucroéc:.sg‘)}'ut.ign“ (temp 4°C);
the ralio of the tissue lo sucrose §91|ll('il'gll; was' L5 (W/V),
The homopenate were centrifuged A '?2.0(),(_)'jg"t'cir;‘l_5
minutes and (he .v.lq"u:.rnutum'(_'crudz‘:'gcgtt{djc_t)'.'wc‘rc_(15(:'(1 as
BNzyme source. . Rtshad T o Lal

Enzyme Assay: Lipase dcllcrmir?ul{&i"_'\yzﬁ by the
method of Tietz and Ficreck (1966) modificd by Tsong
(1987). 2 ml ol crude extraet were put into two test tubes
labelled st and blank. The blank was placed in boiling
water for 5 minues and cooled, 0.5 m of phosphate
buffer of pH 7.1 and 2 ml of substrate (olive oil) were
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introduced into both test and blank test tubes. The test
wbes were shaken and incubated at 279C for 24 h. The
sample was transferred into a conical flask and 2 ml of
cthanol and 2 drops of phulolphlh.\lun indicator were
added to the mcubalcd samples in the conical flask and
titrated with standard 0.0SN NaOH. Lipase activity was
computed and expressed in mg per ml per minute.
Analysis of variance for significant difference in the
lipase activity in anterior, median and posterior sections
of gut, and also the liver of the species were carried out.

RESULTS

The results of the standard length, total weight and
gut length of L. niloticus C. citharus and A. occidentalis
are shown in Table I. The standard length of the adults of
L niloticus ranged from 26.2 to 36.5 ¢m while the
standard length range for C. citharis adult was 26.4 to
30.2cm.

In A. occidentalis the standard length for adults
varied from 19.4 10 23.2 cm. The longest gut length was
recorded in adult C. citharus, the gut mean length was
200 cm. In A. occidentalis and L. niloticus the gut mean
lengths obtained were 41.8 and 28.0 cm respectively.

The lowest percentage of lipids in the muscle was
obtained in juvenlles of L niloticus and C. culxarus
(Table 2). The highest lipid content of the muscle was
observed in A. occidentalis adult. A. occidentalis
contained about 14.05% lipid (mean value) while
juvenile had about 9% lipid content in the muscle. In
adults of L. niloticus and C. citharus the lipid content of
the muscle were about 7% and 8% respectively.

Presence of enzyme lipase was observed along the
whole length of the intestine of L. niloticus, A.
occidentalis and C. citharus. In L niloticus  lipase
activity was low in the stomach, with mean .values
observed for juveniles and adults being 5.8 and 1.2
mg/ml/min. Higher activity of lipase was ru.ordcd in the
middle section of the gut and the mean values were 14.9
and 21.0 mg/ml/min for juveniles and adults lcspr'unvcly
(Table 5).

In C. citharus there was decrease in the activity
of enzyme lipase along the length of the gut. The highest
activity of lipase was obtained in the anterior section; the
values obuined were 16.0 and 18.8 mg/ml/min in the
juvenile and adult respectively. In the middle section of
the digestive tract of C. citharus the activity of lipase
were 8.75 mg/mU/min in juveniles and 13.85 In adults.
The lowest values of lipase activity were obtained in the
posterior section of the digestive wact (lnblc 3. In A.
occidentalis highest activity of lipase occurred in the
anterior section of the digestive tract, with the mean
values being 14.75 mg/ml/min for juveniles and l7.'i5
mg/mU/min for adults. '

The liver of L niloticus, C. citharus and A.
. occidentalis showed high activity of lipase and lhc
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highest uctivity was observed in the liver of A.
occidentalis, (Table 3)

Result  of statistical analysis * for significant
difference  using ANOVA showcd that P <~ 0.05

indicating that there was slgmﬁcant dnffcrcncc in the

lipase activity between the amcnor. mcdmn postcnor :

e e iy, ol
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DISCUSSION Fe o o5
The lipid content of the musclo of L mloucus A.
occidentalis and C. citharus, m both Juvcmlc and-adult
were higher than 1%. Accordm& ;q the classnﬁcallon of
fish bascd on their fat contcm by Clucas and Ward

sections of gut and the liver. » A

"o [ T

(1996) L mlorlcus A. occ:dci/:[alh\ ‘and C gt{harus are

Uu ’ ,‘J. /

, Jaby

fatty fishes.

Enzyme lipase occurred (dony l}xc whole length of -
the digestive tract of L ero :gt]s,,{‘ urhqnq and A
occidentalis indicating th.xt llu, d;;q of U’ILM. ﬁsh(,E
contained lat as hydrolym rpqum.d llp&bC H\)wwu
there was variation in the .xc.uvuy qfhpgm, in thc varmua.

sections of the gut. C. utharur had }J;c longest’ ;,ul lt.nglh o

and activity of lipase was hlghc.st i.the unncrwr seclion
of the gut. The presence of long lgh;,c.suvc tract  js
associated with fishes which uulxzu plant malcxmls in
their food and plant materials guncrally have lower prxd
content than animals. The long dlgcsuyc tract mcrcascs
the retention time of the food i in the p'acl s that cnzymc
can hydrolyzp the food (Bond 1996) Tt is. plaucxblc that
the anterior section of the gut of’ C.,citharus is not too"
acidic and therefore Lipase cnzymc activity was high.’
Bond (1999) showed that lhcrc arc other enzymes in thc
stomach of some fishes that’; act, lon food other, lhan
proteu.s Chitinase have been obtamtcd from, stomuch of
insectivores and species that fwd on crustacwns prasc
was identified from anu.nqg sccﬂpn of clupuds and

mozambique tilapia. The rcsul; obtfnncd m lhe: prcscm -

work supﬁ)or(s Bond (1999) ﬁndm‘gg o, lhc pruscnce of
lipase in the stomach of fishes, Lunds}cdt 29 a!. 20()2 qlso

found lipase in the stoumch, ?f }’saudo;)lm)utoma'

TR
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The results obl.nn(.d in’ lhls, waL ~.howcd llml I-
ailoticus had digestive tract about u.n nmcs shoru.r lh.m
the length of the digestive tract ofC‘ culmrus. The re ull
also indicated that activity of jenzyme, llp.xsc was low in "
the anterior section of the d!;,usllyb tract of L. mioncus
but high in the medium section of the (hgcsm'c tract of
the same fish L niloticus is known o be a vomcnous

carnivore feeding mostly on, ﬁsl\ (Iloldun and Reed
1972). The stomach is ncxdlc to, cnablc lhc .,lctlonl of
pepsin, which breaks down: prolcm in the. food of L
niloticus, It is possible that lhc pn.sepcc “of ac.;d in lhc
stomach reduced the activity, of anasc cnz.yme whu.h
acts in alkaline medium lhurcforc high acuvuy of hpasc
enzyme was recorded in lhé mcdmn scct:op of Lhc

digestive tract of L. niloticus, ™ ™ ,
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Table 11 Standard length, fotal weight and gut lung,th of Laus mloucus Citharinus cuharux&{an;PAuchenoglams

‘ occidentalis oot ] u\p\nsb\';:m‘ b bas uriniltin
i P . Rav i bmippd ot -t Lt ~r-'v
g species Size ~ Number Standard Length (cm) Total Weight (@) 1t oini Gub qugﬂ} (CUL).“
group of Range  Mean S.D. Range  Mean S.D." ‘VRangg']‘ ’Mcan R S .D..
species cot bowada” @lluesc ud
- - : . ) DI Innn ln(n' OIS lourd
L. niloticus Juvenile L0 17.8- 2087 0 347 121.6- 213.87 . 80. 53 51 160.04 “\;‘19 210, 2aQ9
24.3 270 Loy ..1 .leh It L .al e
Adult 10 202- 0 2004 35 380- 49704 127, 42 94 O i “')7 56 2,82
’ < . Lo G0
30.5 750 o gge
: :.g;-. s Lelnen ’»»w. NPT
Cocitharus — Juvewile 10 17.6- 2245 452 150- 31625 18062 05K 49 57 ugsg
s lll:'.-' 3¢ (‘n [ IVI' s
262 . 475 194
. it th.I;‘.lﬂ‘(YnJv 150 it
Adult 10 264-  28.16 - 1.65 500- 640  143.5350 ﬂﬁS.ShJuQOO.lO 21.56
30.2 ‘ 870 - 01 il 224 gaziee s il
i o .!!::i't‘:{rl:]:“ri/l L L,
A. occidentalis  Juvenile 10 13,5- 1493  1.11 80.4- 92.4 " 11370131134 2:.32.18 - 5ie 1 93
' 15.90 105.4 - » 30i35. qu--- vioasndi o
o : 3 . . R TIRTe 1) f ) :
Adult 10 19.4- 2073 205 150- 168 . 27. 12u0¢41 bl ,,)) 8 o @§7
233 R 200\ :' i A 45‘4 fos o .'.')f'u_:\.. .
n= 60 Y ;woru 2l “bl!l&'?‘h[ _
-,.‘~, o) )n dir0d Bigit (SR
'nqr[ gﬂ)?(?ll o gz foalye!
; v o ekl
Table 2:  Total lipid content of the muscle of Lates niloticus, Citharinus citharus and Aucheoglanis occidentalis
. ' 1 e 1=
Species Size group Range (%) Mean (%) S.D.”
L. niloticus Juvenile 3.04 -4.32 4.09 Cote T 0.39_.,“
Adull 6.22 - 8.02 7.42 2w 104
C. citliarus Juvenile 3.8-5506 4.17 ) ] () 92 ;.i("‘
Aduli 0.8 -8.82 845 ne o i Op
A. occidentalis Juvenile 8.22 - 10.02 9.12 h b 0 89
Adult 13.24-15.14 14.05 1 0.80 -
n =060 ' ' L W ing o

\J<)U.)!l.:"’ EGIURETN
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Table 3: Lipase activity (mg/ml/min) in the liver anterior, medium and posterior sccuon of the dxgesuve tract of sztes
niloticus, Citharinus citharus and Auchenoglams occxdemalzs

conta, (GEaen R

Species Size group Anterior. /Mlddlc ' : Poslclri)or JS”*‘ ;qhi:;y'cr,.‘ ‘, »
L. niloticus Juvenile 5.80+0.72 " ) 14.90 + 0.79 6.66 + 1.15 ‘.};'l_‘ \ , 19 33 & 4.16 -
Adult 11.20 + 2. 68 21.00 +2.58 - 11.70 + 2.62 \\ 24, 50 +-'754
C. citharus Juvenile 1600+ 1.63 8754150 7.93 4 2.47 \’"’4% +0, % e
Adult 18004335  13.854 1.6 5.10 4 2.43 L 251543553
A, oceidentalis  Juvenile 1175 1 2.2 8.00 +2.10 0.30 + 1.50 24,904 123
Aduly 17754 1.0

Each value is a mean of 5 values + 8.0,

0.85 4 1.5)

140 +3.07

26.60 +1.15
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The liver showed high lipase activity in L. niloticus C.
citharus and A. occidenralis. This is indicative of the fac:
that the liver is involved in conversion of carbohydrates
and amino acids into fauy acids through acetyl co-
enzyme A (Guttman 1999).

The results showed that there is a correlation
between the lipid content of the fish and lipase activity,
A, occidentalis had the highest lipid content in the
muscle and it also had the highest activity of lipase in the
- liver. This finding is in line with the finding of Clucas
and Ward (1996) that the energy reserve in fishes is in
the form of lipids. The lipid in the muscle of the fish that
will be consumed by higher vertebrate is a function of
activity or lipase enzyme in the liver. The more the
activity of the enzyme the more lipld is producex,

Othe- factors that cap contribute 1o the variation-*n
the lipid content of the muscle are reproductive season
and aCtivity of the fish. L niloticus and C. citharug are
swift swimmers and utilize their lipid as a main source of
the energy supply during swimming. It is plausible that
the low lipid conjent in the muscle of L. niloticus und C.
citharus  could be associated 10 their swift swimming
activiiy.

This study has shown that there is interrelationship
between the lipid content of the muscle of he fish and
hydrolysis of lipid by lipase in these fish species.
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