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Summary

A 13-week feeding experiment was conducted to evaluate potential use of sand smelt meal (SSM) as a replacement of fishmeal
in diets for mirror carp fry Cyprinus carpio (0.29+0.06 g fish-"). Three groups were fed to apparent satiation twice daily each of five
isonitrogenous (41%; dry matter) and isoenergetic (15.75 MJ DE kg-") diets formulated to include 0, 25, 50, 75, and 100% of fishmeal
protein being substituted by SSM. The results indicate that growth performance and feed utilization efficiency for fish fed diets
containing SSM up to 75% were similar (P>0.05) to the control diet, except for fish fed the 100% SSM diet. The dietary treatments
affected significantly (P<0.05) the hepatosomatic and viscerosomatic indices of fish. There were no significant differences in body
composition following inclusion level of SSM. Apparent digestibility coefficients (ADC) of dry matter, lipid and energy were not affected
by dietary treatments. However, the ADC of protein for fish fed the %75 SSM diet was higher than the others. These results indicate
that up to 75% of fishmeal protein can be replaced by SSM in diets for carp fry without adverse effects on growth, feed utilization and
body composition.
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Balik Unu Yerine Giimus Bahgi (Atherina boyeri) Unu Kullaniminin
Aynali Sazan (Cyprinus carpio) Yavrusunun Bliyiimesi, Yem
Kullanimi ve Viicut Kompozisyonu Uzerine Etkisi

Ozet

Bu ¢alisma, balik unu yerine glimiis baligi ununun (GBU) aynali sazan (Cyprinus carpio, baslangi¢ agirlik: 0.29+0.06 g balik-') yavru
yemlerinde kullanim potansiyelinin belirlenmesi amaciyla gergeklestirilmistir. Balik unu proteininin %0, 25, 50, 75 ve 100'U oraninda
GBU proteini ilave edilerek protein (%41, kuru agirlik) ve enerji (15.75 MJ SE kg-') oranlari esit bes farkli yemlerle akvaryumdaki baliklar
g tekrarl olarak 13 hafta siireyle beslenmistir. Elde edilen sonuclara gore %75'e kadar GBU iceren yemlerle beslenen baliklarin biyiime
performansive yem kullanim etkinligi kontrol grubu ile benzer (P>0.05), ancak %100 GBU iceren yemle beslenen gruptan 6nemlioranda
yuksek bulunmustur (P<0.05). Yem uygulamalari baliklarin hepatosomatik ve visserosomatik indekslerini 6nemli oranda etkilemistir
(P<0.05). GBU'nun artan oranlari baliklarin viicut kompozisyonlarinda 6nemli farkliliklara neden olmamistir. Kuru madde, yag ve enerji
sindirilebilirlik oranlari yem uygulamalariyla etkilenmemis, ancak %75 GBU iceren yemle beslenen grupta protein sindirilebilirlik orani
diger gruplara gore daha yuksek bulunmustur. Sonug olarak, sazan yavrusunun biyimesi, yem kullanimi ve viicut kompozisyonu
Uzerine olumsuz etkisi olmaksizin yemlerinde balik unu yerine %75’e varan oranda GBU kullanilabilir.

Anahtar sézciikler: Cyprinus carpio, Balik unu, Giimis baligi unu, Bliytime, Sindirilebilirlik
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INTRODUCTION

The demand for feed in fish aquaculture industry has
expanded over recent years with the increases in total
production within the industry. This production relies
heavily on fish meal (FM) and oil supplies . Restricted FM
supplies, with high prices and limited availability, apparently
can no longer meet the needs of the expanding fish feed
industry. Thus, nowadays it is considered essential to
reduce the FM used in aquaculture feed by replacing it
with other protein sources of both plant and animal origin.
Replacement for FM have an international research priority
and have become the focus in current fish feed research 2.
Currently, many plant or animal by-product protein sources
have been evaluated as replacements for FM 36,

Large or small scale farmers in most developing
countries have been forced by both the availability and cost
of commercial pelleted fish feeds. Accordingly, since the
expansion and profitability of aquaculture, investigating
cheaper alternative protein sources has become a priority
for farmers in such countries °. Hence, there is a need to
encourage farmers to formulate their own pelleted feed
using ingredients produced on farm; sand smelt meal
(SSM) may represent one such ingredient.

Sand smelt (Atherina boyeri Risso, 1810) is accidentally
introduced often to rivers, lakes, ponds, canals and
reservoirs, but it becomes dominant in these habitats
because of its biological features. Kii¢lik 7 reported a three
fold increase in sand smelt population in Lake Egirdir in
three years (2002-2005) and a significiant decrease in fish
populations with substantial economic value (e.g. carp
and pike perch) at the same period of time. According
to the study, sand smelt has become the dominant
species competing on food, dissolved oxygen, and space
with other species inhabiting the lake. During the past
several years, sand smelt industry in Turkey has grown
dramatically: sand smelt production has almost tripled in
the past seven years and in 2006 summed up to 6 677 tons,
worthing an estimated US $ 2.671 million. Generally, sand
smeltis priced US $ 400 per ton-' in local markets as it is not
preferred for human consumption. Sand smelt forms 15%
of 44082 tons of annual fresh water production in Turkey '@
and this represents an important potential for domestic
fish meal production. Although having no economic value,
sand smelt is a rich source of animal protein (>70% of
dry matter). Almost all caught sand smelt is used in fish
farms as fresh feed. This practise often leads to health
problems and it should be used after turning into meal as
suggested by Gumds '*, who used SSM as an alternative
source for FM. However, there is a need to be extended
experiments the nutritional quality of SSM as a protein
source for replacement of FM in various fish diets. The aim
of this investigation, therefore, was to assess the potential
use of SSM as a partial or complete replacement for FM in
diets on growth performance, feed utilization and body
composition of mirror carp fry.

MATERIAL and METHODS

Experimental Conditions, Fish and Feeding

The experiment was carried out from 15" July to 15%
October, 2008 at the Laboratory of Fisheries Faculty of
Akdeniz University, Antalya, Turkey. Mirror carp Cyprinus
carpio L. fry were obtained from a local fish hatchery
(Mediterranean Fisheries Research Production and Training
Institute, Antalya, Turkey). Prior to the experiment, all fry
were acclimatized to laboratory conditions for 2 weeks in a
250-L glass aquarium. During this period, fry were fed with
control diet (0.0% SSM) for twice daily. At the beginning
of the experiment, each 15 glass aquaria (65-L) were
randomly stocked with 25 fry with an average weight of
0.300+0.65 g fish-. The aquaria were filled with chlorine
free tap water throughout the study. Two-thirds of the
aquarium water was changed daily. Each aquarium was
aerated with air produced by a central compressor. The
test diets were fed to triplicate groups of fish. During the
course of the experiment, each diet was fed manually to
apparent satiation twice daily for 13 weeks. The feed intake
was recorded daily.

Water temperature was also maintained constant with
a 100 W automatic heater set at 24-26°C. Water temperature
and dissolved oxygen were recorded daily using a Model
WTW Oxi 330i multi-oxygen meter (WTW Wissenschaftlich-
Weilheim, Germany). A photoperiod of 12:12 h light/dark
cycle using fluorescent lighting was maintained through-
out the experiment.

Sand Smelt Meal and Diet Preparation

Sand smelt meal (SSM) was from the same source and
prepared as in study on Nile tilapia fry ™. The proximate
composition and amino acid profiles of SSM and each of
the principal dietary protein sources are given in Table 1.

Five diets were prepared to be isonitrogenous, iso-
lipidic and isoenergetic in terms of crude protein (41%;
on dry matter basis), lipid (10.5%; on dry matter basis)
and digestible energy (15.75 MJ DE kg™) estimated using
the DE values 20.9 MJ kg~ protein, 37.7 MJ kg lipid and
14.6 MJ kg carbohydrate . Formulation and ingredient
composition of each experimental diet are presented in
Table 2.

Diets were made based upon the results of the
chemical composition of the ingredients. The control diet
contained Peruvian fish (Anchovy; Engraulidae spp.) meal
(44.99%) and soybean meal (16.85 %) as the main sources
of dietary protein. In four out of five diets prepared the
fish meal protein was gradually replaced by 25, 50, 75,
or 100% of SSM protein. Diets for the digestibility assay
included 0.5% chromic oxide as inert marker. Prior to pre-
paration of experimental diets, all ingredients were ground
in @ hammer mill and screened through a 0.5 mm mesh



sieve. All dry ingredients of each diet were thoroughly
mixed with a food mixer until they were homogenous.
The fish oil and water were then added to the mixed
ingredients and thoroughly mixed. The resulting mixture
was made into pellets using a meat grinder and a 2 mm
die. The pellets were dried in an oven at 70°C for 24 h.
The pellets were than crumbled in suitable size (0.8-1 mm
diameter) for the fry and sealed in plastic bags and kept
at-20°C until use.

Feces Collection and Calculation

Fry within each aquarium were fed twice daily with
the experimental diets containing 0.5% chromic oxide
as a marker. Fish were allowed to feed on the chromic
oxide diets for one week before any fecal samples were
taken. Feces were then collected, using the siphoning
method, until the end of the experimental study. After
each feeding, in the morning and in the evening, uneaten
feeds were removed from the aquarium by siphon after
1 h feeding. After 3 h each feeding, feces from each
aquarium were siphoned through a fine mesh netting (80
pum), and separately collected in separate jars and then
stored at -20°C until analysis. Fecal samples were dried in
anoven at 70°C for 24 h, ground by a blinder, and prepared
for chemical analysis. Apparent digestibility coefficients
(ADC) of diet composition were calculated according to
the following formula: ADC of the dry matter (%) = 100-
[100 (%Cr,0, in feed/%Cr,0,in feces)]; ADC of nutrients (%)
= 100-100 [(%Cr,0, in feed/%Cr,0, in feces) x (Yonutrient in
feces/%nutrient in feed)] 2.

Sample Collection

Initially, 40 fry of similar body weight to the experimental
fish were sampled for analysis and kept frozen. At the end
of the 13 weeks growth study, all fish in each aquarium
were collected, anaesthetized with clove oil (20%, v:v)
and batch weighed. After weighing, 15 fish were randomly
removed from each experimental group, killed and then
immediately frozen at -20°C until analysis of carcass
composition. Also, 10 fish from each treatment were
randomly selected for the determination of the viscero-
somatic index (VSI) and hepatosomatic index (HSI).

Chemical Analysis

Proximate composition of feed ingredients, experimental
diets, feces and fish body was analyzed for dry matter
after desiccation in an oven (105°C for 24 h). Crude protein
(by acid digestion using the Kjeldahl method, N x 6.25);
crude fat (ether extraction using the Soxhlet method); ash
(incineration at 550°C for 24 h); crude cellulose (alkali and
acid digestion); and nitrogen free extract (by subtracting
the other components from 100) contents were measured
according to the methods of AOAC ?'. Chromic oxide
(Cr,0,) in the diets and feces samples was measured using
a spectrophotometer procedure involving perchloric acid
digestion 22. The amino acids were analysed following acid
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hydrolysis using phenomenex EZ fast GC-FID hydrolyzed
amino acid analysis kit (Varian GC, CP-3800 GC).

Statistical Analysis

Data analysis was performed by one-way analysis of
variance (ANOVA) using SPSS 15.0 (SPSS INC. Chicago, IL,
USA). Differences among the means were compared using
Duncan’s post hoc test at a 5% probability level 2.

RESULTS

The water temperature ranged from 24 to 26°C, dis-
solved oxygen from 4.5 to 5.2 mgL?, pH from 7.8 to 8.4.
Water quality parameters remained within the acceptable
ranges for carp fry growth during the experimental
period .

The amino acid profile as well as the nutrient composition
of the main protein sources and the experimental diets is
presented in Table 1-3. In each experimental diet, data on
the essential amino acid composition were adequate to
meet the amino acid requirements of carp. Compared with
FM-based diet, the essential amino acid content of diets

Table 1. Proximate composition (% of dry matter) and amino acid profiles
of the main protein sources used in the experimental diets

Tablo 1. Deneme yemlerinde kullanilan temel protein kaynaklarinin ham
degerleri (% kuru agirlik) ve amino asit profilleri

Parameters ' Fish Sand Soybean
Meal Smelt Meal Meal
Dry matter 89.42 91.11 86.84
Crude protein 74.60 78.13 53.16
Crude lipid 747 10.07 1.24
Ash 17.23 10.78 7.89
Crude fibre 0.44 0.43 4.49
NFE 2 0.22 0.54 33.18
Amino acid (% of dry diet)
Alanine 3.55 4.65 248
Glycine 4.28 4.43 2.57
Valine 3.10 3.78 241
Leucine 5.17 534 2.88
Isoleucine 3.06 3.17 1.93
Threonine 2.83 3.12 1.93
Serine 2.66 2.50 1.63
Proline 3.16 3.10 1.55
Aspartic acid 6.64 13.51 8.58
Methionine 1.17 1.12 0.72
Glutamic acid 8.42 9.63 5.51
Phenylalanine 2.53 2.58 1.41
Lysine 7.94 4.87 3.91
Histidine 2.60 1.75 1.24
Thyrosine 3.67 1.87 1.37

"Values are mean of triplicate analysis, except for amino acids, which
were analyzed two times, ? Nitrogen-free extract. Arginine and Cystine
were not analysed
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Table 2. Formulation and proximate composition of the experimental diets
Tablo 2. Deneme yemlerinin formtlasyonu ve ham degerleri

1310 obtained from Kilic feed manufacture factory Co. Ltd.?Sand smelt was obtained from Lake Egirdir, Isparta, Turkey and Sand smelt
meal was prepared at the laboratory of fisheries faculty of Akdeniz University,”® Glims %, ' Values are mean (+SD) of triplicate analysis, '?
Nitrogen-free extract, '* Digestible energy

Table 3. Composition of the amino acids in the experimental diets and essential amino acid requirements of carp (% of dry diet)
Tablo 3. Deneme yemlerinin amino asit degerleri ve sazanin esansiyel amino asit gereksinimi(% kuru agirlik)

"Values for amino acids were analyzed two times, 2 Data of essential amino acid (EAAs) requirement (g100 g-' feed) for carp taken from
Ogino #. Arginine and Cystine were not analysed




was not negatively affected by SSM under experimental
conditions. The crude lipid and crude protein content of
SSM are similar to those of FM, whereas the level of SSM
ash (9.76%) is lower than that of FM (13.71%) (Table 1).

The growth performance and feed utilization data for
carp fry fed with the five diets are shown in Table 4. There
were significant (P<0.05) differences in final body weight
(FBW), body weight gain (BWG) and specific growth rate
(SGR) among the treatments. The present study showed
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that the mean FBW, BWG and SGR for fish fed diets
containing SSM up to 75% were not significantly lower
(P>0.05) compared to fish fed the control diet, while fish
fed the 100% SSM diet had the lowest FBW, BWG and SGR.
High survival (97.33-100%) was observed in all dietary
treatment and no significant differences with relevance
to dietary SSM replacement (P>0.05, Table 4) could be
observed.

There was significant effects of diet on the feed

Table 4. The growth performance of mirror carp fry fed with experimental diets for three months

Tablo 4. Deneme yemleri ile beslenen aynali sazan yavrularinin ti¢ aylik biiyiime performansi

% SSM Replacing FM in Diets

Parameters
0 (Control) 25

IBW (9) 0.296+0.00 0.290+0.00

FBW (g) 6.177%0.156° 6.156+0.0312
BWG (g) ' 5.881+0.150° 5.866+0.023?
SGR (%day-") 2 3.375+0.005° 3.39440.026°
Fl (g fish-1) 3 8.259+0.117 8.284+0.014
FCR* 1.404+0.015° 1.412+0.008°
PER® 1.837+0.02° 1.827+0.04°

CFe 1.465+0.09 1.364+0.04

HSI (%) 7 2.148+0.17% 2.363+0.52?

VSI(%) ® 10.62+0.69° 9.32+0.46%

Survival (%) ° 100.0+0.00 100.0+0.00

50 75 100
0.301+0.00 0.296+0.00 0.298+0.00
6.142+0.000° 6.135+0.365° 5.562+0.222°
5.840+0.006* 5.838+0.361° 5.264+0.217°
3.350+0.028° 3.364+0.052* 3.250+0.023°
8.297+0.028 8.250+0.207 8.326+0.082
1.420+0.003° 1.414+0.052* 1.582+0.049°
1.811+0.00° 1.820+0.01° 1.666+0.05°
1.394+0.01 1.434+0.07 1.437+0.04
1.886+0.07%° 1.736+0.24%° 1.444+0.09°
9.174+0.24% 8.421+0.97% 7.061+0.70¢
98.66+2.30 98.66+2.30 97.33+4.61

Each value is the mean (+SD) of three replicates. “><Values in the same row with different superscripts are significantly different from each other
(P<0.05), IBW, initial body weight; FBW, final body weight; ' BWG, body weight gain = FBW(g)-IBW (g); 2 SGR, specific growth rate = (Ln FBW(g)-Ln
IBW(g)/time days x 100); 3 Fl, feed intake = dry feed intake (g)/number of fish over 90 days; * FCR, feed conversion ratio = Fl (g)/BWG(g); * PER, protein
efficiency ratio = BWG (g)/protein intake (g); ¢ CF, condition factor = FBW (g)/(total body length, cm)>x 100;” HSI, hepatosomatic index = Wet liver
wt. (g) /FBW (g) x100; 8 VSI, viscerosomatic index= Visceral wt. (g))/ FBW (g) x 100; ° Survival = Final fish number/initial fish number x 100

Table 5. Final whole body composition (% of dry matter) of mirror carp fry fed with experimental diet

Tablo 5. Deneme yemleri ile beslenen aynali sazan yavrularinin viicut kompozisyonu (% kuru adirlik)

% SSM Replacing FM in Diets

Parameters

0 (Control) 25
Dry matter 24.76%0.79 23.07+£0.48
Protein 70.44%1.78 72.02+1.10
Lipid 18.32+2.60 14.85+0.88
Ash 12.22+0.82 13.30£0.15

50 75 100
23.56+0.25 24.49+1.39 22.86+0.38
71.04+0.05 70.28+1.97 73.41+0.27
15.45+0.66 16.94+2.59 13.72+0.95
13.49+0.72 12.77+0.62 12.99+0.17

Each value is the mean (+SD) of triplicate analysis. The same superscript letters in the same row are not significantly different from

each other (P>0.05)

Table 6. Effects of experimental diets on apparent digestibility coefficients (ADC, %) of nutrients

Tablo 6. Deneme yemlerinin besin madde sindirilebilirlik katsayilari lizerine etkileri (%)

Parameters

0 (Control) 25
Dry matter 71.00+0.87 70.4620.70
Protein 81.32+0.37¢ 81.66+0.71b
Lipid 79.79+4.15 82.10+5.54
Energy 83.10£1.23 83.18+1.23

% SSM Replacing FM in Diets

50 75 100
71.34+0.80 72.77+2.52 70.87+0.58
84.18+1.66% 85.29+0.43* 83.59+1.10%*
86.47+5.40 84.22+3.83 79.00+5.25
84.90+2.08 85.22+0.60 83.09+0.03

Each value is the mean (+SD) of three replicates, “*<Values in the same row with different superscripts are significantly different

from each other (P<0.05)
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conversion ratio (FCR) and the protein efficiency ratio
(PER) (P<0.05), whereas feed intake (FI) was not influenced
by dietary treatments. PER value increased significantly,
while FCR decreased significantly with increasing the SSM
level up to 75% in diets. In contrast, PER were significantly
reduced while FCRsignificantly increased as the proportion
of SSM was increased to 100% in the diet (Table 4).

The condition factor (CF) did not change between
treatments throughout the experiment, whereas HSI
and VSl values of carp fry fed experimental diets differed
significantly (P<0.05) among the treatments. The highest
HSI and VSI values were obtained in fish fed with control
diet and 25% SSM diet, respectively.

Final whole body composition values for fish fed with
experimental diets are given in Table 5. At the end of the
experiment, no significant differences were found in the
whole body dry matter (22.86-24.76%), protein (70.28-
73.41%; dry matter), lipid (13.72-18.32%; dry matter) and
ash (12.22-13.49%; dry matter) contents of fish fed with
the different experimental diets (P>0.05).

The apparent digestibility coefficients (ADC) of the
experimental diets are given in Table 6. The ADC for dry
matter, lipid and energy was not affected by different
levels of SSM in the experimental diets (P>0.05), while
there was a significant (P<0.05) difference in the ADC of
protein. The highest ADC of protein was observed in fish
fed with 75% SSM diet. The range of the ADC for dietary
protein and energy were 81.32-85.29% and 79.00-86.47%,
respectively.

DISCUSSION

The results of the present study clearly indicate that
the growth performance or feed utilization of mirror carp
fry was affected by different experimental diets (P<0.05).
Growth performance of carp fry fed with up to 75% SSM
diets was similar to that fed with 0.0% SSM diet in which
fish meal was the sole protein source. These results are
agreement with those of Gimis ', who also found no
significant differences (P>0.05%) between growth per-
formances of Nile tilapia fry (Oreochromis niloticus) fed
with up to 75% SSM and fish meal based diets. However,
Abdelghany ®* and Ahmad # found that the highest growth
was obtained at 50% and 75% replacement of fishmeal
protein with gambusia fish (Gambusia affinis) meal protein
in diets for red tilapia (O. niloticus x O. mossambicus) and
Nile tilapia fry (Oreochromis niloticus), respectively. These
differences may have resulted from the differences in
behaviour, nutrient requirements especially for essential
amino acids, the culture conditions of the fish and/or
proximate composition of replacement ingredients.

It can be said that the growth performance was reduced
with the SSM content higher than 75% as the lowest

growth was obtained in fish fed with 100% SSM diet (Table
4). Along with sand smelt meal, several other ingredients
of animal origin such as feather meal, poultry by-product
meal, meat meal, turkey meal, gambusia meal or tuna
liver meal have been used as alternative protein sources
of FM or other protein sources in diets of various fish
species and with varying degrees of success >1%141525 But,
as seen in the present study, growth performance tends
to be reduced when high proportion or all of fish meal is
replaced with various ingredients. Glims ' stated that
the growth reduction in fish fed with the diet containing
100% SSM may be attributed to reduced palatability or
attractiveness of the diet causing a reduced feed intake.
Also, it might be ascribed to deficiencies caused by low
availability of certain EAAs in SSM or AA imbalances >'>%.

All variables related to feed utilization efficiencies
such as SGR, FCR and PER in all experimental diets were
influenced by dietary treatments. SGR, FCR and PER of
mirror carp fry were improved slightly when fed with diets
containing up to 75% SSM without significant difference
among them (P>0.05), while significant decreases were
obtained with the increase in SSM replacement rate from
75% to 100% (P<0.05; Table 4). However, Yang ° found that
FI and PER estimated for gibel carp fed diets containing
different PBM levels were higher than those in fish fed
the control diet. Ahmad % reported that fish fed with diets
having up to 75% gambusia fish meal replacements of fish
meal protein had the best Fl, SGR, FCR and PER to fish fed
with the fish meal-based diet. Abdelghany ° also found
that fish fed diets in which gambusia fish meal protein
replaced up to 100% of fishmeal protein had similar FCR
and PER compared with fishmeal control diet. Gimds '*
offered that up to 75% replacement of sand smelt meal
protein can be used successfully as a total replacement
for FM protein in practical diets of Nile tilapia fry without
adverse effects on feed utilization.

In some studies, mean CF, HSI and VSI values have
been reported to be significantly affected by the dietary
nutritional factors 3%, In the present study, there were no
differences in CF, but HSI and VSI values were influenced
by the level of FM protein replaced by SSM and the mean
HSI and VSI values measured for 100% SSM diet were
significantly lower as compared to other diets. However,
Hu ' and GUmis " found that CF, HSI and VSI values were
not influenced by the replacement levels of rendered
animal protein ingredients and SSM for FM, respectively.
The difference in the HSI and VSI values in the present
study could be attributed to reduced palatability or
attractiveness of the feeds.

There were no differences in the whole body dry matter,
protein, lipid and ash content of fish fed the experimental
diets. Similar results have been presented by Muzinic '° in
sunshine bass, Abdelghany ° in red tilapia, Yang ° in gibel
carp, Ahmad * and Gumds " in Nile tilapia.



The ADC of protein increased with increase in dietary
SSM, while there were no significant differences in the
ADC of dry matter, lipid and energy. However, the ADC
of lipid and energy slightly decreased only at 100% SSM
diet. The protein digestibility values obtained from dietary
SSM replacements up to 75% indicate that inclusion of
SSM in experimental diets was responded by significantly
high feed utilization. The highest protein digestibility was
observed in fish fed with 75% SSM diet. The ADC of protein
was similar to the findings of Wee and Shu 3, Abdelghany *,
Ahmad 2> and GUm{s ™.

Growth performance and nutrient utilization of carp
fry fed at varying inclusion levels of SSM indicated that
SSM could be a substitute for FM up to 75% replacement
rates in practical diets without compromising growth.
Further research is needed to investigate the nutritional
value of SSM as an alternative for FM in formulated large
carp diets.
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