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Summary

Digestibilities of nutrients and energy are among the most inportant parameters Lo be determined
in feed evaluarion research. The appareat digestibility coetlicients (ADC) of protein, total carbohydrate
(TCHO), fat, enerpy and amino acids were determined for 14 common feed ingredients using chromic
axtde as exlernal indicalor wilh Israeli carp (Cyprinus carpio). The ingredients 1ested were: corn, corn
starch, peladinized starch, wheat middling, wheat grade inferior, corn gluten meal. rapeseed meal
(solvent extracted), scybean meal (solvent extracted), blood meal (drum dried), feather meal(hydrolyz-
ed). Dle fish meal (flame dried), sardine fish meal (steam dried), sardine fish meal (flame dried) and

brewers yeast (dehydrated),

The averall ADC valnes were high in Israeli carp showing bigh capacity 10 digest their feed inp-
redients irrespective of plant or animal sources. in addition the ADC of planl protein was high
enough to support the successful supplementation of [ish meal with cther plant profcins.

(Key Words © Nutrient Availabilty, Feed Ingredients, lsraclh Carp).

Intraduction

Though the history of inland aquaculture in
Karea is short, its production is expanding year
by year and it is becoming an important forming
industry in Korca. However, in contrasi to this
rapid devclopment in inland aquaculture, there
have been very little progresses in the field of
fish nutrition.

Many investigations have been concernad with
the problems of digestitility measurements on
fishes, and extensive data on factors affecting
digestibility. However, systcmatic  examinations
on the numerous individual feed ingredients for
a given fish species, especially in Israchi carp
(Cyprinus carpio), are lacking because of com-
plicated mcthodelogical procedures.

Concerning the methods used for the determi-
nation of nutrients digestibilitics there have been
many improvements to overcome difficulties such
as nutrient leaching in the water. The earliest
method was direct, and involved laborious and
time-consuming water {ltration techniques that
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required collection, mecasurement, and analysis
of all egesta and excretions (Migita ct al,, 1937:
Tunisonet et al., 1942). Also  an indirect
method successfully applied to agricultural animals
has been used with several species of fish (Nose,
1960a, b; Hastings, 1969; Smith and l.ovell, 19
71, 1973; Windell et al., 1978). However, despite
the fact (hat the chromic cxidc method is conve-
nient and has been widely used for studies on
single ingredients and formulated fish feeds, fecal
collection methods pose a serious technical pro-
blem related 1o accuracy of reporied resvlts for
both indirect and direct methods (Nose, 1967:
Smith and Lovell, 1971; Furukawa, 1976). Because
fecal exposure to water results in leaching of
nutrients into the water, a number of fecal col-
lection mcthods have been developed such as

dissection (Kitamikado et al., 1964;  Hastings,
1967), and sack (Furukawa, 1976), abdominal
pressure {Inaba ci al., 1962; Singh and  Naose,

1967), metabolic chambers{(Smith, 1971, 1976) and
settling of feces (Cho and Slinger, 1979). Fecal
collection in this experiment was made using
settling column and digestibility trial was foilowed
by the procedure previously reported by Cho and
Shinger (1979),

The objectives of this sludy were to examine
the availability of some nutrients in major fish
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TABLE [. EXPERIMENTAL DESIGN

lnternational No. of
feed number

Treutment

Reterence diel

Carbohydrates
Corn 4-02-861
Corn starch 4-02-889
Gelatinized starch 4-23-957
Wheat, middling 4-05-205
Wheat, grade nferior 4-05-272
Plant proteins
Corn gluten meal 5-09-318
Rapeseed meal 5-03-871
{salveny extracted)
Soybean meal §-20-637
{solvent extracied)
Animal proteins
Bload meal) (drum dried) 5-00-380
Feather meal {hydrolyzed) 5-03-795
Fish meal, hle 5-06-676
(flame dried)
Fish meal, sardine 5-08-986
{steam dricd)
Fish meal, sardine 5-08-986
(flame dried)
Supplement
Yeast, brewers 7-05-527
{dehydrated)

No. of fish

replication per replication

15
5 15
5 5
) 15
5 15
5 15
5 15
5 15
3 15
5 15
5 [N
3 15
3 15
5 15
5 15

feedt ingredients and 10 aid basic knowledges to
the fticld of fish nutrition. In the present sindy
an attempt was conducted to estimatle the diges-
tible energy (DE) and nutrients availabilities of
14 common feced ingredients currently utilized in
commercial carp feed.

Materials and Methods

Experimental design

To evaluate the nutrient availabilities of major
feed ingredicnls commonly used in fish feed
industry, 14 ingredients were chosen as listed in
table 1. A practical diet similar to the commercial
one was used as refercnce diet. Experimental
design 18 prescnted in table I.

The reference diet was formulated to contain
40%, crude protein and 3,300 kcal/kg of digestible

TABLF 2. FORMULA OF THE REFERENCE DIET (94)

_ Ingredients ~ perccntage
Fish meal 1\ 50
Soyhean meal b i0

{solvent exiracted)

Wheat middlings 29 8
Yecasl 2

Viraming 2

Minerals 2

Lysine 01
Methienine 0.1
Fish oil 3

Chromic oxide

Total 100
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energy. One percent of chromic oxide was added
to evaluate the digestion coeflficients. The formula
and chemical composition of the reference dict
is appeared in table 2.

The experimental diet was made by mixing
709, of reference diet and 30% of testing ingre-

dient as shown in table 3. All the ingredients
used werc ground (o be finer thun 50 mesh. The
experimental dicts were sleam-pelletized to 3.2
mm size using a commercial pellet mill (California
Pellet Mill).

TABLE 3. REFERENCE AND TEST DIFTS FOR DIGESTIBILITY STLDIES (%)

__Reference diet (1)

Experimental diet {I1)

Test ingredient (I11)
Reference diet
Cr,Q),

299
99.0 69.3
1.0 1.0

Experimental animal and system

Fish used in the experiment werc Isracli carp
(Cyprinus carpio) weighing approximately 300g.
A total of 450 fish of similar body weight was

used in the experiment. Among the total of 34
tanks made for wmetabolic Irial, 30 tanks with
15 fish were used. The bottom of the tank was
sloped and connecled to the drainpipe.
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Figure 1. Fxperimental feeding and digestihility trial-system
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Figure 1. Experimental feeding and digestib fity trial-system(cont.nued)

In one side of the drainpipe feces collector
using settling columm was attached. The feces
trapped in the bottom of (he feces coliector were
maistained in Quiet water antil the daily morning
collection. The structure of the experimental
feeding and digestikility trial tank was madified
from Gueiph System (Cho and Sliager, 1979) and
ilfustrated in figure 1.

The water content of each lank was fixed 1o
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be 100 ! . The waler temperature was maintained
to be 24417 using heatling system and circula-
ting pipes for the experimental period. Each tank
was aeraled continuously and the flow rate was
regulated to be 0.8 { /min.

Throughout the experimental perod the pH
was mainlained 6.5, dissolved oxygen (DO) 4.5
-5.3mgf { , ammonia concentration [-3 mg/kg and
nitrate concentralion 0.3-0.5 mgikg
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Feeding regimen and feces collection

The fish were adapted to both the tanks and
the feeding regimen for a week belore collection
of feces began. The fish were fed from 09:00
through 11:00 h, 14:00 through 16:00 b ad libitum
and the diets were offered only as long as the
fish were actively feeding to avoid wastage. One
hour after the last meal, the drainpipc and the
botiom of the tank were cleaned tao remove fecd
residues and feces from the system. Onme third
to a half of the water in the tank was drained
oul to ensure that the cleaning procedure was
completed. At 08:30 h the following day, the
settled feces and surrounding water were gently
withdrawn (rom the base of the feces collector
into a sampling dish (Cho et al., 1974). These
fcces were free of uneaten feed particles and
considered to be a representative sample of the
feces produced throughout the 24 h period.
Ilmmediately after collection of the feces, the fish
were fed again as normal for the ncxt day's
sampling. This procedure was repeated for 5 davs
and the samples were pooled. When Lhe feces
were sampled, they were dried at 60T in a drying
oven for 72 homs and ground for the determi-
nation of chromic oxide concentration. nutrient
analysis and estimation of energy valucs.

Chemical analysis

All the proximate analyses of experimental
diets and feccs were conducted by AOAC (199G)
methods. The amino acid contents were analyzed
by an automatic. amino acid analyzer {LKB,
Made] 4150-alpha).

The energy values were measured using an
oxygen adiabatic bomb calorimeter {Parr, Model
1241) and the chromic oxide concentrations were
determined by an atomic absorption spectropho-
tometer (Shimadzu, Model AA625).

Caleulation

The apparent digestibility cocfficicnts (ADS)
of components of test ingredients were calculated
using the lallowing formulae {Nose, 1960a, b;
Hastings, 1966, 1969; Smith and Lovell, 1971;
Wilson el al., 1981)

DMD(dry matter digestibility) =
(Der/Fer) X 100

100 -

ADC of reference or experimenial dier =

100 — (F/1> X Dcr/Fer) X 100
ADC of test ingredient = (ADC of experimen
tal diet — 0.7 ADC of reference dict)/0.3
Where
F = % nutrienl in feces
D = 9% nutrient in diet
Fcr = 9 chromic oxide in feces
Dcr = % chromic axide in diet

Results

In table 4 and 5 the results of proximate
analysis and amino acid composition of tcsted
ingredients are recorded. The values of proximate
analysis and amino acid contents were much in
accordance with the values reported by NRC
(1981, 1983) and the Korean tables of Feed
Composition {(Han et al., [982). In table 6, The
DMD (dry matter digestibility), the ADC of
protein, total carbohydrates (TCHOQ), fat, energy
and DE ({digestible encrgy) content ol tested
ingredients arc shown. In table 7 the ADC values
of amino acids cf tested ingredients are listed.

The overall ADC values appeared 10 be high
in Israeli carp. The DE value of corn for carp
was revealed to be 3,360 kcalfkg when 75.1%
of its energy content was digested. The DMD
and ADC of TCHO were 71.0% and 89.8%,
respecttvely.

The DMD of corn-starch and gelatinized
starch were 70.3 and 72.3%, respectively. Though
gelatimized starch showed littte higher digestibilities
in carbohydrate and energy than corn starch due
to mmprovement by processing, the ADC of
TCHO of both starch was high enough (98 and
112.5%,) suggesting that they might be used as
a good energy source n the ration of (sraeli carp.

The ADC of TCHO of wheat was 94.5% for
wheat middling and 93.7% for wheat grade in-
ferior. It was an inferesting [inding that most
nutrients ADC of wheat grade inferior resulted
in not Jower than thai of wheat middling except
energy. However, the amino acids ADC of wheat
middling were superior (78.8 £ 1509%) to that
of wheat grade infertor (51.2 + 13.09%).

The protein ADC of corn gluten meal (CGM)
showed a high value (93.9%), the same trend
showed in amino acids ADC (89.7 + 14.4%).
CGM may be used as a good protcin source in
the ration of carp. The NDMD of CGM was
78.4%, The ADC of energy was 90.8%.
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TABLE 4. PROXIMATE ANALYSIS OF THE TESTED INGREDIENTS (9, DM BASIS)

Treatment (kealjkg)
Reference diet 4,232 8£.44
Carbohydrates lecds

Corn 4,480 1091

Corn starch 3,624 11.78

Gelatinized starch 3,681 B.77

Wheat, middiing 3,985 12.88

Wheal, grade inferior 3.896 11.99
Plant proteins

Corn gluten mcal 5477 10.19

Rapeseed meal 4,096 0.47

{solveni extracted)
Soybean meal 4,204 11.06
{solvent extracted)
Animal proteins
Blood meal (drum dried) 5,086 11.82
Feather meal (hydrolyzed) 4,930 12.77
Fish meal, file 3,768 7.85
{flame dricd)

Fish tneal, sardine 4,479 7.30
(steam dried)

Fish meal, sardinc 4,604 9.24
{(flame dried)

Supplement

Yeast, brewers 4335 10.24

{dehydrated)

Gross coergy Moisture

Crude Crode Crude Crude
. Ca p
protein fat fiber ash o
4342 455 2.84 [0.84 159 223
850 3.70 2.90 1.80 1.51 0.68
143 0.66 1.23 0.07 1.80 0.15
0.74 1.00 0.73 0.14 1.97 0.19
16.11 2.86 3.35 2.39 1.24 .40
13.19 288 1.87 1.03 1.22 0.33
39.43 0.48 1.20 1.35 0.10 0.44
37.47 1.74 915 8.96 1.75 1.08
44,72 [91 6.48 597 1.3 0.71
K7.96 1.62 203 223 1.77 0.33
81.26 0.74 3.20 2.44 1.90 0.36
5206  6.09 206 2664 10.)3 4.86
63.01 7.5 3.08 16.87 6.14 2.38
64.72 5.72 2.10 13.67 5.25 2.37
48.64 2.12 5.27 6.07 2.02 0.86

Protein and cnergy ADC of rapesced meal
(solvent extracted) were 39.6 and 57.7%, respcc-
tively. The amino acids ADC of rapeseed meud
were a littde Jower (75.0 + 8.38%) than that of
other plant protein feeds tested (table 7). The
DMD of soybean meal (solvent extracted) was
45.3%. Its ADC was 80,59 in protein, 46.1%
in TCHO and 64.77, in cnergy. The mean amino
acid digestibility was 84.3 + 7.04%,.

The DMD of blood meal was 66.3%. Its
protein ADC was lowest (54.6%) compared 10
other animal protem ingredients iested. 1ts mean
amino acids ADC were somewhat poorer being
26.5 + 15.8% digested. The cnergy content of
blaod meal was poorly digestible (60.29,). 1ts DE
value was 3,060 kcalfkg.

Feather meal showed relatively highet ADC.
Among its prolein contenis 8719, was digested.

But contrary to this result only 22.5 4+ 1239
of its amino acids conlents were digested. A
explanation was not made for the low aming
acid digestibility of 225+412.3% compared to
higher value of 82.1, of protein digestibility. The
ADC of energy was moderate (77.4%) and its
DE value was 3,816 kcalfkg.

The DMD of fish meal was 35.59, 70.9%
and 83.1% in file fish meal {flame dried), sardine
fish meal (steam dried) and sardine fish meal
(Name dried), respectively. The ADC of protemn
of file fish meal was much Jower (68.4%) than
that of sardine fish meal (93.4 and 99.1%). Also
the ADC of energy was low in [lile [(ish meal
(63.89,) whereas high in sardipe fish meal (R3.9
and 95.0%). The DE values werc 2,403 keal/kg
in file fish meal (flame dried), 3,756 kealfkg in
sardine fish meal (steam dried) and 4,376 keal/kg
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TABLE 6. APPARENT DIGESTIBILITY COEFFICIENTS OF TESTED INGREDIENTS (25, DM BASIS)

DM  Protein
Relerence diet 69.0 79.8
Carbohydrales
Cora 71.0 -
Corn starch 70.3 -
Gelatinized starch 72. —
Wheat, middling 71.2 -
Wheat, grade inferior 76.3 -
Plant protcins
Corn gluten meal R4 939
Rapeseed mea! 53.0 89.6
(solvent extracted)
Soybean meai 45.3 H0.3
{solver! extracied)
Armimal proteiny
Blood meal {drum dried} 66.3 54.6
Feather meal (hydrolyzed) 86.1 27.1
Fish meal, file 355 68.4
{flame dricd)
Fish meal, sardine 709 934
(steam dried)
Fish meal, sardine 83.1 99}
{fame dried)
Supplement
Yeast, brewers 77.5 86.8
{dehydrated)

, . _ DE  DE
TOHO Kt B calkg) (MIjke)
78.0 813 714 3.107 13.0
898§ — 751 3.364 14,1
980 — 62.1 2250 9.4
1125 82.0 2,979 12.5
g4 § - 659 2,568 10.8
037 - {12 3235 i3.8
k86 — 908 4.699 19.7
370 - 377 2,363 2.9
46| - 64.7 2.721 114
- - 60.2 3,060 12.8
- — 77.4 1816 16.0
- 3.8 2,403 10.1
- - 839 3,756 15.7
1 - 95 4,376 1823
724 67.1 83.7 3,626 158.2

in sardine fish meal (flame dried). Though the
overall ADC values of file fish meal (flame dried)
were extremely low, its amino acid ADC was
high enough (89.4-£11.1%) as compared ta the
other fish meals (93.7 + 6.8 and 89.7 + 1.09).
The DMD of brewers yeast was 77.5%,. Its
ADC was 86.8%, in protein, 72.4% in TCHO and
83.79% in energy. The DE value was 3,826 kcalfkg.

Discussion

As indicated by these results the overall ADC
of tested ingredients showed relatively high in
Istaeh carp (table 6 and 7). That is, compared
with other cultured fish species such as rainbow
trout and channei catfish, carp has high ability
of digesting its leed ingrediens, especially plant
sources.

270

Carbohydrate Feeds

Corn, wheat and starch are primarily used
as energy sources. Also i lsraeli carp these
cnergy sources showed high carbohydrate ADC
ranging ahout from 90 to 110%. The ADC valucs
of protein in starch were meaningless since the
protein conients ol corn starch and gelatinized
starch were found (o be 143 and 0.74%, respee-
tively. The ADC values of amino acids in star-
ches were nat calculated as the contents of amino
acids in thesc ingredients were of non-detectable
amount.

The ADC values of starch appeared lo he
good tn carp irtespective of whether it be gelatini-
7ed or non-pelatinized starch. Chiou and Qgino
(1975) Tound thai common carp were able 1o
digest about 85 percent of the starch when it
made up [rom 19 Lo 48 percent of the diel. The
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ADC of wheat middling for tilapia was reported
to be 75.6% in prctein and S57.6% in cnergy
(Hanley, 1987) whereas in case of rainbow (rout
it was 92% in protein and 40.1% in energy {Cho
and Slinger, 1979).

Plant Protein Feeds

The ADC of most projein feedstnits of plant
sources resulted in as high wvalues as animal
protein sources. This resull might supply a basis
for the idea of substituting high cost fish meals
with relatively low cost plant proteins. In recent
years, there has been much interest in the possi-
bility of using various protein sources, especially
plant proteins as a replacement for fish meal in
producing {ish feed. Many of the resuits obtained
s0 far have proved encouraging in rainbow trout
{Cho et al. 1974) and grass carp (Dabrowski
and Kozak, 1979) and common carp (Viola et
al., 1981), etc.

The high ADC values of protein and amino
acids of CGM supported the assumption that
CGM was a kind of good protein sources ta
Israeli carp if supplemented properly with essential
amino acids, especially lysine. The low DM of
rapeseed meal may probably due to high fiber
contents and high level of complex carbohydrates
such as gluconapin, glucobrassicanapin, glucobra-
ssicin, neoglucobrassicin, napoleiferin and progo-
itrin, ete. (Hilton and Slinger. 1986). The DMD
of soybean meai (solvent extracted) was much
lower than expected (45.3%) and it was much
similar to the digestibility for trout {43.6%) than
carp (83.7%) reported by Atack et al. (1979) using
hand stripping method. The protein digestibility
of soybean meal (solvent exlracted) has been
reported 1o be high enough (approx. 85%) in
channel catfish {Lovell, 1977), rcainbow troul
{Smith, 1976) and tlapia (Popma, 1982).

Animal Protein Feeds

Most animal protein sources appear 1o be
highly digestible by Israeli carp. Some of the
variation that has been reported may have resul-
ted from the manner in which (he feedstufls were
nrocessed prior to being evaluated (Atack et al,
1979). The proportions of putrients 1 the diet
have an eilfect op digestibility. Page and Andrews
{1973) indicated that decreased protein digestibility
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occurred in channel catfish when the dict had
high levels of carbohydrates. The feeding value
of fish meal is said to be varied somewhat
cording ta the method of drying and the type of
raw malerials used (Ensminger and Olentine,
1978: Won and Han, [990). The method of
drying may be cither vacoum, steam of flame
dried. The older flame drying mecthod exposes
the product 10 a higher temperature, This makes
the proicins less digestible and destroys some of
the vitamins. However in this experiment the
methad of drying showed no signilicant difference
in digestibility. The fish mea) made from sardine,
resulted in high overall ADC irrespective of
drying method. Concerning 1o 1the raw materials
used, the fish meal can be made from the offal
produced in fish packing or canning factories or
from the whole fish, and also it may bte changed
according lo species. The resuif of this experiment
showed that this difference also existed. The [ish
meal made from fle Nish (flame dried) showed
much lower ADC values than expected. This
could be explained partly by the high ash
content {26.6%,) in the file fish meal as previously
reported by Nose and Mamiya (1963) and Gulley
{1980).

ac-

Supplement

Brewers yeast {(dehydrated) is an excellent
source of hiphly digestible protein with pood
quality. It can replace up to 80% of the animal
protein content of swine and poultry rations when
properly supplemented with calcium (Ensminger
and Qlentine, 1978). Though yeasts are classilied
as supplements in carp ratiom, its higher ADC
shows that it can be also used as good dictary
prolein source.

Digestibility vaiues of (4 igedstuffs have been
abtained from lsracli carp in this cxperiment,
however, more data concerning DE values and
nutrients availabilities of feed ingredients should
be acqaircd cffectively for the purpose of formu-
lating Israeli carp (Cyprinus carpio) dict.
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