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" PYIGESTIBILITY DETERMINATION IN NILE CATFISH FINGERLINGS
USING INTERNAL AND EXTERNAL MARKERS
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! Dagesubility tnals were conducted to compare the
| w2 of one external dietary marker (Chromic
ac32) and two natural internal dietary markers
(orede fiber and acid insoluble ash) for the
ssumatica of apparent protein and energy
cegasubility in catfish Clarias lazera. The faecal
samples were collected daily by filtering the water
. aad from the stomach and from the rectum at the
end of each trial.

A S-day, 6 treatments received essentially
saagle-ingredient diets (Yellow cron, wheat bran,
'~ soy bean meal, cottonseed meal, fish meal and
meza: meal). The data showed that the highest
Zigestion values for protein and energy were
sbeained by using (Cry04) followed by (A-1-A),
. but the Jowest values were obtained when using
{CF). Also the data showed that there were no
-~ significant differences (P < 0.05) in digestibility
soefTicients of protein and energy when using
different faeces collection methods, except for
- powtonseed meal which was high by estimates
depending on faccal samples obtained from the

—

| sectum. This may be due to their high of fiber

. comtenl

A 10-day digestibility trial was conducted with
- diets differed in dietary protein levels (20, 25 and
- 307% ). The diets were fromualted from the same
six ingrediients used befor. The data showed that
there were no significant differences in protein
Gigestibility when using the three markers. The
Righer digestibility occured when faecal samples
were obtained from the water and crectum might
| Iadicate that the absorption of protein occured far
i' Bagkwards in the rectum. The values of energy
I
|

——
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digestibility were high by using (Cr,05). alse
were high when the faccal samples were cowuned
from rectum and from water.

A 10-digestibility trail was conducted w13 dies
differed in gross energy conteat 4300 aad 470C
Kcal/Kg diet. The present data showsd 2o
significant differences (P s 0.03) ia protan
digestibility by using the three markers. Tae
higher values of protein digestibility were
obtained when, the faccal samples collectica was
from the water and recim. Also, there are ac
significant differences (P s 0.05) ia the emergy
digestibility by using differeat fasces collectica
methods.

In conclusion, chromic oxide (0.5%) caa Be
considered as the most suitable “foreign® dietary
marker, while, acid-insoluble ash was found 0 be
suitable good internal marker particulazly wader
practical farming conditions.

INTRODUCTION

The fonmulation of successful practical fish
rations is based on understanding not oaly of the
chemical and physical characterestics of
individual feedstuffs but also of their relanve
digestibility in fish.

Due to the difficulties encountered with the
quantitative collection of faeces with an aquatic
eavironment, the most widely used method
employed by nutritionists for estimation of
nutricnt digestibility has been an indirect
approach invalving the use of a diatary inent
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marker 1o [ollow the progress, of digestion (Cho
et al., 1982; NRC, 1983). Chromic oxide (Cr,04)
is the most commonly used added indicator to
diets for the estimation of nutnent digestibility in
terrestnal animals (MeDonald et al., 1977) and
fish (Furukawa and Tsukahara, 1966; Austreng,
1978).

The indicator method, using chromic oxide, was
judged most suilable, but the best method of
sampling faeces was uncertain (Austreng,
1978).Although the apparent variability in
excretion patiern can be minimised by collecting
faccees conmtinuously over a period of days
(Dansky and Hill, 1952), there is a need lo
idestify other dietary markers which may be
switable under practical farming conditions where
it 15 9ot always possible to introduce a *foreign”
dietary marker. For example, preliminary studizs
with fish have indicated that cellulose
(Beddington, 1979), hydrolysis resistant organic
maiter (Buddington, 1980; De-silva and Perera,
1983), crude fiiber (Tacon et al., 1983b; De-Silva,
and Perera, 1983) and hydrolysis resistant ash
(Bowea, 1951; De-Silva and Perera, 1983) may
offer particular promise as natural markers for
est.mating nutrient digestibility. Chromic oxide
and crude fiber are reliable external and internal
dictary markers for use with rainbow trout.
However, considerable further work is required on
the suitability of acid-insoluble ash and
polyethylene dietary markers for use withen fish
digesubility trails (Tacon and Rodrigues, 1984).

Faeces have been collected by several methods
(Nose, 1960), faecal stripping (Inaba et al., 1962),
suction (Windell e1 al., 1978), collection in
chambers with false bottoms (Cho. et al,, 1974) in
overnight collection tubes supplied with drainage
systems (Cho et al, 1976) and collection of facces
directly from the rectum (Lovell, 1977).

Im view of the lack of information regarding the
performance of internal (indigenous) markers,
present withen the two natural internal markers
(acid-insoluble ash, crude fiber) and one external
marker (chromic oxide) a 15-day digestibility trial
was conducted with Nile catfish fingerlings
Clarias lazera 1o determine:-

a) the protein and energy digestion coefTicients for

84

grains and grains by-producrs (yellow o
wheat bras), cilsesd meals (s o
cottonseed meal and amimal producs g
meal and meat meal)

b) the effect of differsnt distary lewels of smum,
and energy on their digestia ity

All values of digestibility estimates chraamest fng
facces samples collected by water (illerag gy
dissection [rom both stomach aad recium

MATERIALS AND METHODS

Animals:

Nile catfish fingeriings Clarias l2g2r2 »=gin
36.4 = 5.7 were obtaized frem commy

populations of Barrage Fish Farm, Quladia Z5p

which belongs to National Jzst=ans 4
Oceanography and Fisheries. The iz wea
randomly stocked in 12 lots of 10 iy

each, in 50-L glass aquarnia provided »iit aruilcy
aeration devices.

Diets:

Twelve glass aquana received dry, pelenes i
as essenlially single-ingredicat (3eliow =zm
wheat bran; soy bean meal, cottonszed meny ¥
meal and meat meal). Were used Cocomsesg
was added to every ingredieat al 2 rase of §
Vilamins and minerals premix was ssed a =
1%. Rice starch was used as a bisder a2 3 =uz|
0.5%. Chromic oxide (Cry0;) was aoaed|
external indcator at a rate of 0.5%. The Ssa w
fed every ingredient at a rate of 3% of wex 3
weight per day for 5 days Table (1)

Tabie (1) Chemaal Componsnn of soted lredaaue.

— |
By  Crus Crate Coste scoes
mamer peryy  fher Presa -t
S halag % s .
—
Corn. Veduw " en a0 L2 et
Whest besa " e ™ iLs s
Suybuas mead " P LT I LA
D Cotea wed mesd 1) T I T I ™
Fob s ) o T -
Meat maad » O M AS et
Consa seed ol - U e - -
Sund 1) s 123 - -
—

Six glass aquaria received three diets & fEeed!
dietary protein level 20, 25 and 30%. Amocde?
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Table (2) Composition of the practical diets.

if Diets different in dietary Diets differed in gross energy
| Ingredients protein level level
! 20 25 30 4300 4500 4700
! % Kcal /Kg
| Cora. Yellow 35 29 24 42 29 42
 Wheat bran 30 28 20 18 28 8
 Say bean meal 12 15 15 15 15 17
{ D.Cotton seed meal 10 7 15 7 7 7
¢ Dish meal 5 10 15 10 10 10
! Neat meal 3 6 6 6 6 6
! Cotten seed oil 3 3 3 3 8
| Vitamines and Minerals premix 1 1 1 1 1 1
! Serach "asabinder" 0.5 0.5 0.5 0.5 0.5 0.5
| Chromic oxide (Cr 0y 0.5 05 0.5 0.5 0.5 0.5
| g‘;:el"“d"xtl /X 2082 2485 2981 | 2463 248 24.40
Bt % 43274 445084 4480.58 | 429224 445084  4646.54
i fiber % 46.96 55.81 66.50 57.33 55.81 52.46
o b sk % 621 605 597 | 524 6.05 422
| Agid-Inso
'O ic oxide (Cr, 03) 0.0647 0.0905 0.1135 | 0.0862 0.0905 0.0809
; 2 05 0.5 05 05 05 0.5
Table (3) Chemical composition of catfish faeces fed selected feedstufls.
t h“l . Witer Stomath Rectum

| Sustemtomatyss | DM CP CE CF AJA Cr03l DM CP CE CP AlA Crn0y DM CP CE CF Ai.a Cn 0y

3 % % Kallg % % g | % % KalKg % % g [% % Kalg % %
——yr ey
Py
L m——
Tlaem ek e | 843 S0 MB4T 338 00226 033|975 595 um4 40 001 G135 |96) 533 31012 33T e 0IM
¢ sEa| 049 020 1733 011 800 001 051 021 1811 012 000 000 [0S0 01y 2001 il 000 000
- 781 270 19179 1923 04093 0426|767 21 19930 243 00061 0129 | 727 L1p 19130 23S 0. b
i BE:| 631 M7 1223 019 001 000 |033 04y 1303 040 001 001 035 017 18TL AN MW 0W
| Ve aubh-
! e e mual 133 1580 20080 MiST anT 039 |7E1 172 20000 1n2y 0423 0437|723 1581 19860 117 AL MM
{ SE«| 038 070 2241 017 001 000 |033 s 131 020 000 000 [032 Ty 1925 a0 OW

"'th-ﬂ.lﬂ 785 657 078 1001 00417 002|748 E31 2060 193 e 0.2 EE 00T 1vEd 2004 0464 DIk
1 BEa | 042 021 AT 040 000 000 045 03 22e5 oM 0DR 000 |03 025 23V M4 W "o
?mﬁ

| Pk e S50 D8 B8 1T 08190 0030|666 1827 esE0 28GRI 0419 |60 1061 7620 241 080N 018
! sEeloay os 103 et 001 0w Jed s e 00y 0.0 06 |05 035 X B0 0 0N
| st st THT N34 WTA 1622 0319 0030|781 1725 B0 1745 03876  OA11 | 803 1608 7440 1604 0093 2N
1 SE«| 937 030 981 om0 000 000 034 084 w2} 040 00 000 [0M 08 8% 051 oW e
L.

th

e
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o4 recrived theee drots dhiffered in prose B iding 1o (Nojhamy 198
oncrgy comient (A0, 4500 and 470 KealKg  iosolible s' wal ool w
e Tadve () ALt 2 dets were fromuealied  (Pearson, l{ 6) ’,-‘.A;','. " 9IS 4
fom e v ingendieats which meationed above,  according 10 (ADAC, 1979 |
Alsa. comoaveed ol vilaming and minctals

vemin sisch and chromic onde were added  The o 8 of chesmat sl ws

IR Age

Gorn nilh I At maakdtt m‘m,\w‘d above 1ot tr(.’” clometneayy w) ¢ a1
ppredients and At the same peicentages Furvkawa and Towhakas (%A :
apeciney 3 '
Calculation o1 the apparesd Gpmsii
Faouty collection mOthis
p
B¢ Gish were fod at a daly rats of 3% from their W) i

Nady weight detween 11.00h and 16.00h

Depasited Daeoes were removed every morning al

VB wsiag 4§ __‘.5;1 1.:\3 -.-11 a 1.p: :\;\55 (200)  Digestibalily cocfTicient (%) =jib- 8 " 2N
med Al the

Where:-
I= concentration of chromur sside

nutritst (% DM, i= isgesta, [= heme

1\\ Was measured usi
hnigee (AOAC, 1975), and
lated a3 NX 6.25. Gross
rminad directly by ‘:»:::?
oxygea bomb calonemeter T

Tstur 4 Obemacal compostiun of catfish (oeons fod dicss dllered in diessry pronrs 1nd 102 (ders faf Zurs fiTe=t 1 prus oy,

r— Y ——
tomon adeites | Wopter Swmaet f=rum
el ! —
Ceren [ O O OF AlA GO | @ (7 Ala o & < W
e [ % & Bailg & % 5 [% % Kaliy % 0%  Laulig 8%
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R T S I iy w2 -
i - 5
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i
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“portein and energy of grains and grain
dy-products (yellow corn, wheat bran), oilseed
~meals (soybean meal, cottonsced meal) and
- avmal products (fish meal, and meat meeal).

Comparison belween estimates, regardless of
fsedes collection method (Table 6) showed, that,
e higher digestion was abtained by using
Q5 followed by (A-1.A) for all classes of

agredients, The efficiency of (Cry03) i n

sgestibility determination, may be due to its
‘mssage through the gastro-intestinal tract at a
lssizr rate/relative to digesta (Tacon and
Radrigues, 1984). Many studies reported that

(CF) failed as a dietary marker for estimation of
digestibility coefficients for many foodstuffs
(Buddington, 1980; De-silva and perera, 1983 and
Tacon et al., 1983b). This may have been due to
the different crude fiber contents in foodstuffs.

Comparison between estimates from faeces
obtained by different methods (Table, 6) showed
that there were no significant differences (P <
0.05) found in protein and encrgy digestion,
except, for cottonseed meal which were high for
faeces obtained from the rectum, followed by
those obtained from water , while for faeces
obtained (rom stomach they were low, which
might be due to the large quantity of fiber content.

Table (5) Digestibility coefficients for the protein and energy of feedstuffs:-

Ta===s calection Water Stomach Rectum
rmethace
o—— Nutien% CF  AIA Cry03 | CF  AIA Cry03| CF AlA Cry0y =5E
; ‘uraass and praia
I3 B B A A A A BC aB A
Temm Veliw Protein 60.83 6297 7118 60.68 6972 7117 |57.15 6650 7495 634
~ B B A B B oA | BE am A
. TR 5797 6026 6907 |359.08 5699 o9 |S202 6284 TS5 93
s el A AN B8 ALY B
" o brun rote 72 81 gr70 | aeq 8082 gra0 |85 8306 885 yp
. B Al aAan pc Al B B A
AT g [me 7508 gise |7V T MM 40
| P moltic
BC  AB A [nep mc A | BC AB A
‘o smas st Proiein 5180 5283 gees | 7796 1941 gser [8199 s 8IS ass
Eae n 1] A n n A n n 5
gy 76.26 77.60 $2.60 7442 76.09 8165 78.08 7833 8B 408
;e pusé worel rolein 9].6[5’ 9150 9400 |s906 8894 9339 |92 9227 MES 1N
t 1} A I 1] A 1] i A
E; Berg %61 7636 gy |56 M ma [0 M2 MDY g
]
v
EL All n A D BC AR A p A
[ froda 81 wsy g [wer 865) soed |W6 B0 NN AN
i P Al ApC A All ne A A AR A
b W 96 90w gn96 | 9148 B9S6 9274 [9225 a1e % 1)
- Pootele i 1] A I nooA B s A
| e et ' 827 86T gggy | saq7 8270 ggo |84 g5y 8931 68
Lok Al An Al Ad ANC A Al AL A
P B R 0 g [an 1966 gray N8 g 971K

F_ “E- e uterd wiper,

] A

g g ',{;m.VoMl.NOJHGQG)

| = L samaiae o I

e vt o same riw with diffecent superseripts are different (1 < 0.05)
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Tuble (8) Digestibility coeMclents for the protein und encrgy of feedstufTs.
Whervas markers irrespective fueces collection methods und vic viea.

Markers regardies faeces collection methods Faeces collection method regardess
™
Nutreslt CF  AlA Cr0, o SE | Water Stomach Rectam = SE
. i
anka and giaia i !
o |
Coen ) el “ran ¢ 1 A 5
Pretcin 5988 800 714) 2102 | 4499 67.19 663) 165 H
c n A |
Faergy  So J; so.v": "Ji 107 | 6334 62.02 62.30 0.93 '
Wheet broa Pretein 81 i: !I.’: 87.68 44 8151 84.08 T 091
A
Encrgy ns 76.67 8403 5.69 78.80 719.25 7990 079
Qi sed meabo c B A
Soy bean mesl Pretein IUJG ll«ll") li.f\‘l 4.56 81.76 BL.10 8179 .19
Emergy 7625 7035 383 sss | s ™05 8026 159
B 1] A ] C A
Catsen seed meal Preicia 90.'1; ’0.:0 93.65 P51} 9138 .10 93.04 .13
A B C A
Emergy 7647 760 83.46 577 | 78.82 7792 9749 1.1
Azzal predecss-
B C A
ol mead Protein 899 838.06 91.25 .26 | 89.76 84.73 90.21 1.08
B C A B C A
Energy 9178 9076 9322 1.75 918 91.26 92.70 1.0}
B B A
hiesi maral Pretein l-IB.'H l-l.is 83.76 .65 85.94 85.09 8632 089
A
Energy 90.67  90.61 93.30 218 | 9146 91.09 9203 .67

Tabie (7) Digestibity coeflicients fur the prutein and energy of diets differed in dietary protein level
and the other dilTered in gross energy content.

:I:t Water Stomach Reclum
+ SE
Marker
CF AlA €0y | cF AlA O3 | cF AlA Cry0y
Froscm
fcanjed S Bsiren &
A A A B BC B A A A
Prowia | 9203 9145 9443 | 6201 5921 7425 | 8921 ssed 7 | 1ED
= BCDE A | nco  peoE A B ACD A
Fnergy | 7484 9399 w222 | 7385 7190 w22 7506 a7 wdde | 402
A A A B B B A A A
Protein | 9547 9491 9034 | 6372 6764 6494 |9280 9295 9den |1NI6
2 B BC [ BC A n B n A ,
Baergy | 7724 945 mae | 767 M2 781|717 mm v | 071
A A A n H B A A A
» Prowa | %6836  9gq5 9336 | 6231 6439 7142 | 9496 9483 M | 1IN
B B A B B A B B A .
Energy | W22 71189 0276 | 7670 mer 8233 71856 7303 s4u |23
Butren %
Fawrgy bevek
alka A A 1] 1] B B A A A .
Protela | 9181 906 6209 | 6709 7309 1 |9137 g4 wded |12
4w A B A A A A A B A
Esergy | M 5960 7000 | 7000 7660 7660|7267 gaqq 78 | 708
A A [} B n B A A A
Proida | 451 g0y @048 | 6345 6168 €16s 9215 ep34 92wl | M
5o A B B B BC BC A A AB
Esergy | 100 10.5 7049 | 7049 6906 6906 7168 7238 T | MDD
A A B ' [ B A A A
Protia | 9551 9emy 5609 | S609 6029 602y | 9380 g 9ase | 16D
i b B A A A Al An B Al
Energy | 0384 360 mo6 | 7206 273 ) 6981 gy w4
"=~ SE viaodard errer. _

- SRR . -

A.b, . eic. means la same raw wish different superscripts are different (P < 0.05).
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The high levels of fiber in foodstuffs reduced the
ssage lime and consequently reduce the
digestion of nutrients,

" The present data showed that the catfish Clarias

jazera was able to digest the protein and energy of

~ he animal-based feedstuffs more efficiently than
~ those of the plant-based feedstuffs. This data

agreed with catfish results obtained by Stickney
and Lovell (1977) and with tilapia results cited by

protein / level 20, 25 and 30% using tha sam=
three markers, also, the faccal samples obtained
by the same methods.

Regardless, the faeces collection methods (Table
8) showed that there was no significant
differences (P < 0.05) in protein digestion by
using the three markers. ' ‘

These results are contradictory 1o studies of e

s S

Silve and Perera (1983) with the Asian cichind
Etroplus suratensis where hydrolysis resistant ash
(as external marker) was found 15 give
consistently higher digestibility coeflicients than
cither (CF) or hydrolysis resistant organic matter
as internal markers. While, estimations of energ

digestibility showed that the estimates depending
on (Cry04)were higher than that from (he cther
two markers.

Hanley (1987). This was thought to occur because
{he encrgy content of the former residues largely
in their protein and lipid fractions which are
kighly digestible by catfish, while, much of the
emergy content of the plant-based foodstuffs
" arives from complex carbohydrates, which are
. either indigestible, or poorly digested by catfish
~ (Suckney and lovell, 1977).

The data in Table (7) present the comparison

between digestibility of diets differed in dictary Regardless type of markers, (Table 8) the data

Table (8) Digitility coefMicients for the protein and energy of diets differed in protein level and the
others dilfered in energy levels whercas kind of markers irreversible faeces collection

methods and yice versa,

Markers regardless facces Farces collection methed
collection methods regardess markers
CF AlA Cn 0y +SE | Water  Stomach Reclam 1 SE
Diets difTered in
U Iy ': " 3:
2% Protein 8108 7976 8115 ne ‘5-1' R
2 un 2 W m‘! 76.02 738
Energy 7448 7278 816 ” g B e Lk
4 6543 12 -
5% Protein 8386 8517 8296 nH nN
08 1
776 1B
Foergy 7001 7141 T . o s A wil
* (LR
% Protein 8461 852 ¥ 9541 ball "
. B A 1 M
Eaergy 7183 7148 WM e MW e
Diets differed in
148 A o a: it
§0.48 -
4300 (Keal/ Kg) Protin  B)A41 7561 8601 s
r (1511 FPPRRTE R T8
Epergy 7017 5906 7548 A c 3 i
Pl i
4500 (Keal / Kp) Proteln 8337 8)86 B "
¢ e nn
Esergy 7122 T8 0056 ol n lA : ; L
TR 947 153
4700 (Keal / Kg) Prowin 818 8675 MO »
B c A 1M ny W
! 18
Energy 7060 €84 NN

SE, standard error,
A, b, .. #i¢. means In same raw with d

iTerent supenripls #7¢ dillerent (P <uus)
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Table (9) Growth peformance of Nile catfish finerlings fed slnglt-lngndlent'

and ptactlel diets.
Initial Final Crulain  Average daily Specific
ltems Weight Weight  Weight  gain (g) day) growih
() @) (3] (% / day)
= SoLehih it 1
Corn. Yellow 0152168 327180 112 0.22 0.73
Wheat bran 3052160 36H02162 LIS 0.23 0.64
Sery bean mesl 060155 41972144 1Y 0.27 0.66
1. cwitan seed wcal 41652247 40022231 167 0.3 0.79
Fish meal A5 184 37022230 187 0.37 1.04
Meat meal T2 ME22230 192 0.38 1.08
Digss difered in
Droteinjoved fod o 10 davs
0% MWA18 32218 287 0.29 0.96
%% 06160 36302162 570 0.57 L7l
ne 077:176 MAT:201 67 0.67 113
Doets ¢ilfered in
o eperys deved fod 10 10 davs
4300 Keal 1 Kg 33222235 41322223 810 0.81 218
4500 Keal / Kg 2692165 MHO7T2182 117 0.72 236
4706 Keal / Kg N2:216 31372225 SIS 0.51 148

indicated that the higher values of protein
digestion occur when faecal samples were
collecied from the water and the rectum, but,
those collected from the stomach were found to be
low. This data indicated that absorption of protein
oecurs far backwards in the rectum reported by
Ausueng (1978).

This supponts the conclusion that it is advisable to
take [aeces samples from as close 10 the anus as
possible.

On the other hand no significant differences (P s
0.05) wese found in energy digestion for diets
Contained 25 and 30 % CP by using the dilferent
facces collection methods, but, the estimates from
vectum were higher than [rom water and stomach
In case of 20 % protein,

chvcr'. nemerical comparisons showed little
increase o protein digestion by increasing dietary
protein Jevel from 20 to 30 % (about 4.3, 6.8 and
11 % by using CF, A-.A and Crz03 respectivly
and about 3, 1.3 and 5.7 % by using the faccal
samples obiained from the waler, stomach and-the
Teclum respectively.

90

Also, the data in Table (7) present the comg
between digestibility of diets differed |
cnergy level 4300, 4500 and 4700 Kcal / K3

Regarding, the faeces collection methods.!
(8), showed no significant differences (P 5
were found in protein digestion by usiag &
markers. Digestibility cofficients of enet#
high by using (Cr,03)

For the kind of marker (Table 8), the!
protein digestion values were obtain
faccal samples which collected from w#
rectum, but, there are no significant daffes?
£ 0.05) found in energy digestion values.

The comparisons showed little it
decrease in encrgy digestion by inCreasiag
level from 4300 10 4700 fcal / Kg. diet

Im general, the markers evaluated .n.:j
present invesigation often yielded #°
different digestbility coefficients cieat?
diets especially with protein digestion 1%
may be due to their different passs,
chemical characteristics which 5y

individual flow patterns through &5

. -
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3 covamtesi nal act with respect to the digesta.
vesults agread with thase reported by Tacon
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