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SUMMARY

Two digestibility trials were conducted. The first,
s d=termine the digestibility coefficients of the
jocal fish meal (low quality), fish meal (medium
guality), fish silage made from fish processing
- waste and fish silage made from unusable fish for
' puman consumption which were fed as a single
mgredients for 5 days the apparent digestibility
cozfiicient protein, lipid, calcium and phosphorus
- were higher for the fish silage (which was made
from uwnusable fish for human consumption)
' foliowed by the other fish products. The second
' izl was to determine the digestibility coefficient
' of four diets, whereas, each diet contained one
- source of fish products. The higher values of
' digestibility coefficients were obtained from diet
' contained fish silage made from unusable fish for
| buman consumption and fish silage made from
 fish processing waste. The present data also
. indicated that the nutritional value of fish silage
- was improved by storing the ingredients at -5 °C
 prior to insilling, and the diets made using these
. silages contained more intact protein and less free
- amino acids than diets made using conventional
' fish products.

- INTRODUCTION

' Finding an economical way for converting the

 waste products of fish industry into acceptable
© protein supplements for fish feeding is very
- important.

 Ensiling of fish wastes as a method of

| Preservation was developed in Northern Europe
| _

and has been used commercially since 1948
(Tatterson and Windsor, 1974). Fish silage is a
liquid product made from whole fish, containing
of whole fish and fish wasles, or fish wasle alone.
It is liquified by the action of endogenous
enzymes in the presence of added mineral and / or
organic acids such as sulfuric, phosphoric, formic
or propionic acids.

Heating may or may not be used during the
process, as heating facilitates fat recovery
(Johnescn and Skrede, 1981) and inhibits lipolysis
of triglycerides during storage (Tatterson and
Windsor, 1974). In unheated silage, hydrolysis
proceeds until the nitrogenous components
become a mixture of short-chained peptides and
monoenoic acids (Raa and Gildberg, (1976)

Fish silage can be dried either by adding a small
percentage of other dry commodities or by
co-drying the mixture in conventional fish meal
drying equipment. This practice prevents foaming
and facilitates drying by providing particles on
which the silage can be absorbed (Hardy et al,,
1984).

Diets based on fish silage have been successfully
used for trout in Norway (Asgard, 1981; Rao and
Absjorn, 1982) although no similar data appeared
to exist for tilapia diets.

This study was therefore conducted to determine
the nutrients digestibility coefficients of local
commercial fish meal (Low quality), fish meal
(medium quality), fish silage made from fish
processing wastes and fish silage made from
whole (ish which is not usable for human
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coasumption, Also this study was conducted to
determine the nutrients digestibility coelficients of
diets coataining the four fish products.

MATERIAL AND METHODS
Lal pro U
Triall

Tilapia (average weight, 9.0 gm) were separated
int0 16 groups of 12 and placed in 16 glass
aquania (2.7 gm / L), each was supplicd
dehlorinated tap water. Each experimental diet
was randomly assiggned to two tank of fish. Eight
groaps fed pelleted food as local commercial fish
meal (Low quality), fish meal (meium quality),
fish silage (made from fish processing wastes) and
fish silage (made from whole fish which not
usable for human feeding) for 5 days.

Trial 11

The other eight groups were fed for ten days on
diets containing 28 % CP. Each diet contained one
source of fish, the product mentioned above (table

2)

The {ish were fed every day at a rate of 3 % of the
live fish weight, the faeces were removed cvery
day using a siphon tube and fine mesh (20 u) and

transferred to petridishes for drying. In 3éde,
the facces were removed from the small isfeg
at the end of each feeding trial.

Preparatior. of fish silage

The fish silage was prepared (after storing
ingredients at - 5 C° prior to ensiling) by 2dds,
% sulfuric acid and 0.75 % propionic acid ‘= |
(o fish processing wastes or whole fish nof sy
for human feeding. The silage was stored 5
covered plastic container at laboray
temperature and mixed periodically by hand o
a paddle. After 30 days, batches of silzgz 5
neutralized with 1.6 % Ca (OH)2 to PH 6.2-¢
mixed with wheat bran 6 % and dried ia ovg
80 C°. After drying, the material was groend

Chemical analysis

Determination of dry matter, crude proieia. o
extract, Ca and P contents in feed and fascesy
carried out using the procedures of Associan
Official Analytical Chemists (1975) and presey
in tables 1, 3 and 4. The concentration of chm
oxide was measured spectophotometricaily b
method of Furukawa and Tsukahara (1966

Amino acid profiles of ingredients and f
were obtained following their acid hydrolyss|
h in 6 Hel at 110 C) under nity

Table (1): Chemical composition of (FML), (FMM), (FSW) and (FSU).

Dry | Crude| Ether 4
Fish products matter | Protein]| extract '\‘;h (,"; :

% % %
Local comunercial fishmeal (low quality) 920 2187 |1238 [42.70 | 320 | 154
Fishmeal (medium quality) 93.0 (4186 |1820 [17.90 | 6.50 | .44
Fish silage (made from fish procossing vaste) | 33.1  [31.80 [ 2324  |1434 | 450 | 135
Fish silage (made from unusable fish for
Human consumption), 8.7 40.6 29.02 15.57 | 510 | 140
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"Table ()t Composition of the experfiiental diets,

! . Raw materials (FML) | (FMM) | (FSW) | (FSU)
Yallacorn (8,12 % CP) 15 28 15 28
Wheat hran (8.01 % CP, 10 10 10 10
- | Soy bean meal (M0 % CP) J0.5 305 30.8 30.5
s - | Cotion seed meal (41.0 % CP) : 20 20 20 20
1 | Pk meal (low quality) (21.87 % CP) 20 o - -
Fish meal (medium quality) (41,86 % ¢?) - 10 . i
P sitage (made from fish processing (1146 % Cp) - - IS -
Fish sllago (made from unusable Mh) (10.6 % CP), o .- o 7
i Cotton seed vil, k] 3 } )
i Vi, Mis. remix, l | | 1
; Chromic oxide (Cry04) 0.5 0.5 05 0.5
' 8649 | 8629 | 77.51 | 8237
pd ok 2 o .01 | 2864 | 2881 | 2754
Exher extract (%) 7.90 8.67 133 | 970
b (%) 1373 73 1.51 6.71
G (%) 004 | 015 | 015 | ou4
P 0.56 0.58 0.57 0.59
! Cross energy (Kvsl/ kg) 1 441876 | 47135 | 487096 |4798.74
.: Chroale oxid (Crzoj) 0.27 0.20 0.17 0.08
F

Table (3) Chemical composition of facees of tilapia fed single fish products (Crial 1),

Iem Dry | Crudepr| Ether | Ash | Ca P
{ s matter | oteln | extract
: % % % % | % | %
*L' Fish meal (low quality) S8 | 19 534 |6285 | 15 | 0.6
: SEz | 132 | o010 | 005 | 037 | 001 | 0.03
i
L Fish meal (medium quality) 1847 | 49 | 987 |3788 | 10 | 0s
: SE: | 028 | 009 | 006 | 029 | 002 | 0.04
; Fish sllage (made from fish 1| 30 1505 13736 | 07 | o4
P processing waste) SEz | 043 | 007 | o042 | 032 | 005 | 0.03
: Fish silage (made from unusa- 1074 | 22 | 1061 |2018 | 08 | 04
I Mefied) et SE= | 098 | 005 | 031 | 014|006 | 0.03
;
i
: Table (4) Chemical comosition of faeces of tilupla fed diets contained varies fish products (trial I1).
: Dry | Crude | Eher | Ash | ca
matler | protein | extract

] e % | % | % |[% |%|%
: Fish mea (o quslity) 2021 | 19 | 454 | 3898 | 09 | os
15 : ) SEz | 163 | 002 | 009 | o039 |o0.07 | 0.04
i ierd
: Fish meal (medium quality) 1726 | 25 | 478 | 1648 | 07 | 08
{ it : SEs | 215 | 007 | 007 [ o045 |o04 | 0.03
i Fish silago (made from fsh processing waste), : 1568 15 | 592 [1613| 06 | 05

sk SEx | 166 | 004 | 004 | 055 o005 | 0.03
- S Fish allage (made from unusable flsh) 17| 23 | 648 1784 | 07 | 0S8
b SEx | 176 | 006 | 005 | o042 |o0.06 | 0.0
: , P
|8
{ Ver.Med.J.,Glza.Vol.41,N0.3(1993) 11
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Tahde (§) Exeentlal amino Ackd content of fish products. faeces and digestiblity coe(Ticients of the 1ame esseatinl smman pog,

—
Exsential Amino acid content Digestitality e Trioar
D
-y (ML) (FMM) FSW) (¥SU) FML) GMM) G5, g
Feed faeces Feed faeces Feed [facces Feed faeces :
:
Aminine 161 08 348 12 251 085 26 0B | 94 %N BM¥ my
Methionine 06 019 193 073 037 015 053 019 | 9724 BO KB mg
Nistidine 156 050 18} 086 L19 040 128 043 | 9137 BT VM my
Phemylslamine | 093 031 27 Ll0 228 079 239 08l | %074 B2 M my
lsoloucine 106 03 oI L10 1LS 061 221 075 | 9136 8979 16 mz
Tryptophan 031 010 074 027 030 0I2 04l 015 | 9131 8950 #1Y pu
Loucine 186 045 483 125 038 077 412 065 | 9349 0277 NI ymg!
Threoaine 086 033 268 085 217 074 200 053 | 928 5424 BT  xy
Lysine 170 046 49 105 408 088 423 108 | 9284 9401 9318 wmg
Valime L16 026 338 08 224 03} 269 968 [ 935¢ 9314 9253 w2
)
chromatographic seperation on an amino acid i
analyser. Tryptophan was measured separately  Digestibility coefficient (%) = 100 - [ 100 (— X — ,
according to Matheson (1974), Table (5). If

At the end of each feeding trial, the apparent ~ Where:-

digestibility coefficients for the local fish meal 1= concentration of chromic oxide. I = ingesta

(low quality), (FML), fish meal (medium quality), N = concentration of nutrient (%DM) = facces

(FMM), fish silage (made from fish processing o )

waste, (FSW), and fish silage made from whole Statistical analysis was adopted after Steei 2a¢

unusable fish), (FSU) were determined using Torric (1980) using Complete Razdeaqy

chromic oxide as an indicator. Design. Duncan, test was also applied i o
experiment whenever possible 1o test m

The apparent digestibility coefficicnts were differences, Duncan (1955).

estimated using the formula suggested by

Maynard and Loosli (1962): RESULTS AND DISCUSSION

Table (6): Apparent digestibility coeficients of fish products which tilapia fed for § days.

Dry | Crude | Ether | Ca
Diets matler | protein | extract
% % % % %

be b a b a
Fish meal (low quality) 90.76 | 97.66 | 8839 |26.20 | 70.08
a ¢ b a b
Fish meal (medium quality) 9445 | 9673 | 84.85 | 57.01 | 68.28

¢ [4 c a c
Fish silage (made from fish preessing waste) | 88.76 | 97.02 | 79.55 | 50.88 | 63.91

b 0 [ a a
Fish sllage (made from unusable fish) 91.99 | 98.44 | 89.45 | 5475 | 7115

SErl 119 | 038 13 1702 | L8

SEz, standard error,
A, b,... etc. means In saine column with different superseripts are different (p < 0.05)
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(8 dhweraiad ihe digestibility coeflicients
vm« fsh meal (low quality), fish meal
qoatiy), Tish silage made from fish
dng wantes and fish silage made from
e for Jmman consumption which fed

ngredhent ot § days. (Trial 1),

Sgestibahity coefficients for protein,
¥ were highere for the fish silage
e for the other fish products. This
the results of Stone et al (1989) who
4 vhat fisd protein was readily d:;eued and
from siage made form ingredient not
t 3+ 3 C prior 10 ensiling, but was utilized
effoently for growth than protein from (ish

. o, the reason of these data may be due to the
. weimensl value of fish silage which made from
whole fsh was imporved by storing the
: at - 5 C priot 10 ensiling as a resulls
0 Swae o al., (1989). Short-term storage of fish
s e=mperatares shghtly below freezing could be
i o alwrsative method for reducing the free amino
L o comtent of fish silage rather than fish
, wastes. Although silage made from
uﬁ: fish is somewhat more digestible than
* made from fish processing wastes, Hardy et
gl (1984) jound that neutralization of added
| smifunc acd restored the weight gains of trout to

58 mexd coatrol diet.

“;ﬂ: {7) slustrates the d:gml:nluy for four diets
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(Trial 11), whereas, each dict con

of fish products, The higher val:

coellicients were obtained from i

fish silage made from unusable foe !
consumplion or fish silage o

processing wastes, Several studie ,

the silage diets, however, were inferinr o e
containing intact protein (Yamada ct 2l 1590, o
fish meal (Hardy et al., 19%4) in :-.;,;(,-' ng fish
growth in part because the y contained a Righer
proportion of essential amino acids in frez [

The present data indicated that as the nutritions
value of fish silage was improved by stoning
ingredients at - 5 C* prior to ensiling. Also, the
dicts made with these silages contained moarz
intact protein and lcs [rec amino acids than dicts
made with convenional [ish products. These diets
may have been utilized more efficiently because
of prolongcd absorption time of peptides and free
amino acids as digestion progressed in (he
gaslromtcstmal tract, resulting in better
conversion of dictary protein to fish. [t is clear
from these results that the autolysis of fish silage
should be restricted to preserve nutritional value.

It is clear from these results that the autolysis of
fish silage should be restricted to preserve
nutritional value.
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4 Table (7): Digestibility coefficients of diets which contained vaies fish products

$

3 Diets Dry | Crude | Ether | Ca

3 matier | protein | extract

% % % | % %

b | ¢ b b| b| ¢

B . Fisth meal (low quality). 6836 | 90.84 | 2242 | 1321 87.95

st = ¢ ¢ b b d
Fish meal (meduim quality). 6249 | 83.63 | 17.82 | 1250 | 83.84

O i AT b a a a b

i Fish silage (made from fish processing waste), | 8437 | 9598 | 59.62 | 69.09 | 93.22

B i S a a a a a

g Fish silage (made from unusable fish), 9245 | 9648 | 71.87 | 18.95 [ 96.4

& ¥ .

i SEz| 694 | 299 | 1344 |17.77] 279

E:"’

A, b,.. ete. means in same columa with different superscripts are different (P < 0.05)
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