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Abstract A 60-day experiment was conducted to eval-
uate the effect of dietary fish meal (FM) replacement
with poultry by-product meal (PBM) on digestive en-
zymes, non-specific serum enzyme activity, and serum
biochemical parameters of juvenile sobaity sea bream,
Sparidentex hasta, weighing 29.27 ± 0.06 g. PBM re-
placed 0, 15, 25, 35, 45, and 55% of dietary FM in the
isoproteic (50%) and isocaloric (21 kJ g−1) experimental
diets. The final body weight, percentage weight gain,
specific growth rate, and protein efficiency ratio were
higher in PBM15, 25, and 35 than in control, PBM45,
and 55. Digestive lipase and amylase activity did not
differ significantly between the dietary treatments. Sig-
nificantly lower trypsin and higher chymotrypsin activ-
ity were observed at PBM55 and 45, respectively.

Digestive alkaline phosphatase (ALP) increased, where-
as protein apparent digestibility coefficients (ADC) de-
creased significantly with increasing levels of PBM
above 35%. Hematocrit, hemoglobin, mean corpuscular
hemoglobin concentration, serum albumin, globulin,
total protein, glucose, urea, uric acid, and aspartate
aminotransferase did not show any significant differ-
ences between the treatments. Serum ALP, cholesterol,
and calcium were higher in PBM diets than in the
control diet, whereas an inverse trend was observed in
triglyceride. Protein digestibility and trypsin activity and
serum biochemical indices suggest that fish meal protein
could be reduced up to 45% by the inclusion PBM in the
formulated diets for S. hasta juveniles without any ad-
verse effect on its overall performance.
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Introduction

In the context of increasing importance of diversifica-
tion in aquaculture, sobaity sea bream, Sparidentex
hasta (Valenciennes 1830) has been propagated in Iran
(Mozanzadeh et al. 2015). Sobaity sea bream is a com-
mercially valuable carnivorous fish species distributed
throughout the Western Indian Ocean. It spawns readily
in captivity, demonstrates rapid growth under favorable
conditions, and is amenable to a wide range of culture
conditions (Pavlidis andMylonas 2011). Dietary protein
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and lipid requirements (Hossian et al. 2014;
Mozanzadeh et al. 2016) and effect of replacement of
fish meal with plant proteins in the diet of sobaity sea
bream (Yaghoubi et al. 2016) have been investigated.

Finding economically viable protein sources with
homogeneous and well-balanced nutrient composition
to replace fish meal in feeds is one of the main chal-
lenges for the sustainability of marine fish culture
(Gatlin et al. 2007; Naylor et al. 2009). Fish meal is well
recognized as the best dietary protein source for most
marine carnivorous fish (NRC 2011) such as sobaity sea
bream which require high dietary protein levels
(Hossain et al. 2014). The need for optimizing the
production of aqua feeds has taken several researchers
to evaluate alternative protein sources (OlivaTeles et al.
2015; Silva et al. 2010; Xu et al. 2012). Poultry by-
product meal (PBM) has been reported to be suitable for
carnivorous fish species due to its palatability, high
protein and energy contents, and high digestibility com-
pared to other terrestrial animal proteins (Bureau et al.
1999). PBM has been used as a cost-effective and effi-
cient protein source in diets for several marine species
without any significant reduction in growth perfor-
mance and feed utilization (Gunben et al. 2014;
Hernandez et al. 2014; Shapawi et al. 2007; Wang
et al. 2015; Zhou et al. 2011). Growth rate of fish
depends on its digestive capacity, the metabolic capacity
required to support tissue protein synthesis (Debnath
et al. 2007). Studies on digestive secretions in fish can
elucidate certain aspects of its nutritive physiology and
help resolve nutritional problems, such as selection of
feed ingredients and/or an artificial diet based on the
digestive capabilities of fish (Xu et al. 2012). Changes in
enzyme activity and blood parameters provide reliable
information on metabolic disorders, nutrient deficien-
cies, and ability of fish to adjust to changes in nutritional
conditions (Mozanzadeh et al. 2015; Peres et al. 2013).

The optimum level of FM substitution with
alternative protein sources have been reported in
many f ish species based on product iv i ty
(Hernandez et al. 2014; Kureshy et al. 2000;
Nengas et al. 1999; Shapawi et al. 2007), but
studies on physiological response of fish to re-
placement of fish meal with terrestrial animal pro-
teins are limited. The aim of this study was to
examine the possibility of fish meal substitution
with PBM in the diets of juvenile sobaity sea
bream with an emphasis on digestive enzyme ac-
tivities and serum biochemical parameters.

Material and methods

Ingredients and experimental diets

Six isoproteic (50%), isolipidic (18%), and isocaloric
(21 kJ g−1) experimental diets were formulated in which
0 (PBM0 or the control diet, where kilka fish meal (FM)
and soybean meal were the main protein sources), 15
(PBM15), 25 (PBM25), 35 (PBM35), 45 (PBM45), and
55% (PBM55) of protein from FM was replaced with
protein from PBM. The proximate and amino acid com-
positions of the diets are given in Tables 1 and 2. Kilka
oil, FM, PBM, and the other feed ingredients were
provided by the Beyza Feed mill company (Table 1).
Chromic oxide (Cr2O3) was included in the diets (0.5%)
as an external marker for digestibility estimations.
Starch and gelatin were cooked separately, added to
the ingredients, and blended to produce a homogeneous
mixture in a Hobart-type mixer. Kilka oil and water
were added and thoroughly mixed; the wet pellets
(3.0-mm diameter) were produced with a pellet machine
(Houdtkhash, Tehran, Iran) and air-dried to about 10%
moisture, sealed in plastic bags, and stored at − 20 °C
prior to use in the feeding trial.

Fish rearing facilities

This experiment was carried out in the Mariculture
Research Station of the South Iranian Aquaculture Re-
search Center, Sarbandar, Iran. Three-hundred-and-
sixty healthy sobaity sea bream juveniles (mean body
weight 29.27 ± 0.06 g, mean ± standard error), produced
at the same hatchery, were randomly distributed into 18
300-L cylindrical polyethylene tanks and acclimated for
2 weeks before the onset of the feeding trial. During the
acclimatization period, fish were fed twice daily to
satiation with a commercial pelleted diet of 46% protein
and 15% fat (Biomar, Scotland, UK). Tanks were sup-
plied with filtered running seawater 1 (L min−1) in a
flow-through system. Salinity ranged between 47 and
49‰ (48.0 ± 0.5‰) and temperature between 22.17 and
24.79 °C (23.48 ± 1.2) during the experimental period.
Average values for dissolved oxygen and pHwere 6.8 ±
0.4 mg L−1 and 7.37 ± 0.2, respectively. A 12-h photo-
period was used during the trial. Triplicate groups of fish
were hand-fed one of the above mentioned diets to
visual satiation thrice daily (08:00 h, 13:00 h, and
17:00 h) for 60 days.
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Sample collection techniques

At the termination of the feeding trial, 24 h after the last
feeding, fish in each tank were anesthetized using eth-
ylene glycolmonophenylether (0.5 ml L−1) and individ-
ually weighed to the nearest 0.1 g. Blood samples of
three fish from each tank were collected gently from the
caudal vein for hematological tests. Two aliquots of
blood were taken; one was used for estimation of he-
matocrit and hemoglobin and the other, after separating
serum by centrifuging at 3000g for 10 min at 4 °C, was
transferred to Eppendorf tubes, and stored at − 80 °C

until analysis. The same fishes were scarified and their
digestive tracts were removed, frozen in liquid nitrogen,
and stored at − 80 °C until analysis. The remaining fish
were returned to the respective tanks for digestibility
analysis.

Digestibility study

At the end of the feeding trial and sampling, the remain-
ing fish in each tank were fed to visual satiation twice
daily for feces collection. Uneaten pellets were collected
30 min after each feeding period. Before beginning the

Table 1 Ingredient and proximate composition of the experimental diets

Diet

PBM0 PBM15 PBM25 PBM35 PBM45 PBM55

Dietary ingredients (g kg−1 dry diet)

Fish meal 610 520 460 400 340 280

Poultry by-product meal 0 110 180 250 320 390

Soy bean meal 110 110 110 110 110 110

Wheat middlings 50 50 50 50 50 50

Fish oil 85 75 65 55 45 35

Soybean lecithin 15 15 15 15 15 15

Corn starch 55 45 45 45 45 45

Gelatin by-product 40 40 40 40 40 40

Vitamin premixa 10 10 10 10 10 10

Mineral premixb 10 10 10 10 10 10

Stay-C 5 5 5 5 5 5

Betain 5 5 5 5 5 5

Cr2o3 5 5 5 5 5 5

Proximate composition (g kg−1 dry diet)

Dry matter 936.5 931.8 929.0 926.2 923.4 920.6

Crude protein 502.4 503.9 500.5 502.9 504.7 504.5

Crude lipid 171.8 178.5 175.2 174.1 173.0 171.9

Crude fiber 23.8 24.0 24.2 24.4 24.6 23.5

Ash 103.2 105.2 99.5 100.1 84.9 92.5

Calcium 32.0 31.0 30.8 32.0 35.7 38.0

Phosphorus 36.8 36.2 34.3 32.9 32.7 32.3

Gross energy (kJ g−1) 21.4 21.4 21.4 21.3 21.3 21.3

Composition of ingredients as % dry-weight basis [fish meal, poultry by product meal, and soy bean meal, respectively (70.17%, 60.52%,
and 42.11% crude protein; 9.42%, 23.38%, and 0.16% crude lipid; 13.09, 4.11, and 4.04% ash; 2.63, 3.9%, not detected calcium; 3.10, 2,
and not detected phosphorus)]. Kilka fish meal, poultry by-product meal, and soybean meal were provided by the Beyza-Iranian Company
aVitamin premix: vitamin A, 2000 IU/kg; vitamin D3, 800 IU/kg; vitamin E, 88 IU/kg; vitamin K, 3 mg/kg; vitamin C, 200 mg/kg; vitamin
B1, 12 mg/kg; vitamin B2, 14 mg/kg; vitamin B5, 70 mg/kg; vitamin B3, 50 mg/kg; vitamin B6, 12 mg/kg; vitamin B9, 3 mg/kg; vitamin
B12, 0.016 mg/kg; vitamin H2, 0.14 mg/kg. Damloran Pharmaceutical Company, Broujerd, Iran
bMineral premix: selenium, 0.168 mg/kg; iron sulfate, 20 mg/kg; copper sulfate, 2 mg/kg; calcium iodate, 2 mg/kg; zinc oxide, 33.2 mg/kg;
cobalt, 0.336 mg/kg; manganese oxide, 16.8 mg/kg
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experiment, preliminary trials were conducted to deter-
mine the length of time needed for optimal fecal pro-
duction. The maximal fecal production occurred 2–5 h
after feeding. Fresh feces were collected by siphoning
the tank bottom 2 h after each feeding. The feces were
rinsed with distilled water, dried over a filter paper for
24 h at 60 °C in an oven, and immediately frozen at −
20 °C (Shapawi et al. 2007). Feces collection was done
daily from each tank until sufficient amount was obtain-
ed. Acid digestion method was used to determine chro-
mic oxide concentration in the experimental feeds and
feces (Furukawa and Tsukahara 1966). Apparent digest-
ibility coefficients (ADCs) were calculated using stan-
dard formulae:

ADCof drymatter %ð Þ
¼ 100� 1− Cr2O3 in diet=Cr2O3 in fecesð Þ½ �

ADCof nutrients %ð Þ
¼ 100− 100� Cr2O3 in diet=Cr2O3 in fecesð Þ½ �
� %nutrient in feces=%nutrient in dietð Þ½ �:

Biochemical analyses

Proximate analyses of ingredients, diets, whole-body
composition, and feces were determined using standard
methods (AOAC 2005). Moisture was determined using
a moisture analyzer (AM B5 0, ADAM, UK). Protein
was determined by measuring nitrogen using the
Kjeldahl method (BÜCHI, Auto-KjeldahlK-370, Swit-
zerland). To convert total nitrogen to total protein con-
tent, as a percentage of dry weight, the factor 6.25 (100/
16) was used. Total lipid was extracted by petroleum
benzene using the Soxhlet method (Barnstead/Electro-
thermal, UK). Fiber content was analyzed with a fiber
analyzer (VELP® Scientifica, Italy) and the ash content
was determined by incinerating the dry samples in a
muffle furnace (Finetech, Shin Saeng Scientific, South
Korea) at 600 °C for 8 h. Amino acids (except for
tryptophan because of susceptibility of this AA to acid
hydrolysis) were determined after hydrolysis of the di-
ets. Freeze-dried samples (Freeze dryer, Operon,
OPRFDU 7012, South Korea) were hydrolyzed in 6 N
HCl for 24 h at 110 °C in glass vials filled with nitrogen.
The o-phthaldialdehyde (OPA) was used as a pre-

Table 2 Amino acid profile (g 100 g−1of protein) of the experimental diets

AA PBM0 PBM15 PBM25 PBM35 PBM45 PBM55

Arginine 8.6 8.5 8.4 7.4 6.6 6.1

Histidine 3.2 2.5 2.4 2.5 2.1 1.9

Isoleucine 4.5 4.5 4.5 4.3 4.3 4.3

Leucine 7.4 7.2 7.1 7.1 6.9 6.9

Lysine 7.5 7.1 6.2 6.1 5.8 5.6

Methionine 3.1 3.1 2.3 1.97 1.7 1.6

Phenylalanine 3.9 3.9 3.8 3.7 3.7 3.6

Threonine 4.4 4.4 4.4 3.6 3.6 3.5

Valine 5.5 5.5 5.2 4.9 4.5 4.5

Taurine 1.4 1.2 1.0 0.9 0.9 0.8

Alanine 5.2 4.9 4.8 4.7 4.7 4.7

Aspartate 7.9 7.8 7.8 7.8 7.8 7.7

Glutamate 16.3 16.3 16.1 16.1 16.0 15.9

Glycine 6.3 6.4 6.6 7.3 7.4 7.4

Serine 3.9 4.3 5.25 5.2 6.02 6.13

Tyrosine 3.8 3.8 3.2 3.0 2.9 2.95

TEAAa 48.1 46.7 44.3 41.4 39.2 38.0

TNEAAb 44.7 44.7 44.8 45.1 45.7 45.7

a Total essential amino acids
b Total non-essential amino acids
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column derivatization reagent according to Lindroth and
Mopper (1979). Total AA levels were determined by
HPLC (Knauer, Germany) using C18 column (Knauer,
Germany) at the flow rate of 1 mL min–1 with fluores-
cence detector (RF-530, Knauer, Germany).

Preparation of extracts and determination of digestive
enzyme activities

Enzyme extraction was performed by adding ho-
mogeneous buffer solution (Tris-HCl 50 mM, KCl
50 mM, and CaCl 20 mM) into the digestive tracts
at 9:1 (v/w) ratio at pH 7.5, before homogenization
(IKA, Ultra-turrax®, USA). Homogenized samples
were poured into 1.5-mL vials. The homogenates
were centrifuged in a refrigerated centrifuge (K
System Centurion Model) at 30,000g for 10 min
at 4 °C. Then, the resulting supernatant was dis-
pensed into 1.5 vials and used for enzyme assays.
Protein content of homogenates was measured fol-
lowing Bradford (1976). Trypsin, chymotrypsin,
lipase, α-amylase, and alkaline phosphatase
(ALP) were determined in homogenates from in-
testinal. Trypsin activity (E.C.3.4.21.4) was
assayed with a-r-toluenesulfonyl-L-arginine methyl
ester hydrochloride (TAME). Crude extracts were
incubated for 2 min (25 °C) in 2 mL of Tris/CaCl2
b u f f e r , pH 8 . 1 . Chymo t r y p s i n a c t i v i t y
(E.C.3.4.21.1) was assayed with benzoyl tyrosine
ethylester (BTEE). Crude extracts were incubated
for 2 min in 2 mL of Tris/CaCl2 buffer, pH 7.8.
Both trypsin and chymotrypsin were assayed in
duplicate and enzyme activities were recorded at
253 and 256 nm, respectively, according to proto-
col by Hummel (1959). One unit of enzyme was
defined as the amount of enzyme needed to hy-
drolyze 1 mg of substrate (TAME or BTEE) per
min per mg protein. Lipase, amylase, and ALP
activity was measured using Pars Azmoon Bio-
chemical Photometric Kit, Tehran, Iran, by
Mindray BS-200, China. Auto-analyzer were re-
corded at 580, 405, and 405 nm (Tietz and
Shuey 1993).

Hematological assay

Estimation of hematocrit and hemoglobin (Hb) levels
were measured based on Sahli’s method. Hematocrit
(Hct) was estimated by microhematocrit method. Mean

corpuscular hemoglobin concentration (MCHC) was
calculated from Hb and Hct according to the following
formula (Campbell and Ellis 2007):

MCHC g dL−1� � ¼ Hb=Hctð Þ � 100

Serum biochemical parameters were analyzed using
an auto-analyzer (Mindray BS-200, China), with com-
mercial clinical investigation kits (Pars Azmoon Kit,
Tehran, Iran). Biochemical measurements were carried
out for glucose, total protein (TP), albumin, total cho-
lesterol, alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), alkaline phosphatase (ALP), li-
pase, amylase, calcium (Ca), inorganic phosphorous
(P), and magnesium (Mg). Globulin was calculated by
subtracting the albumin values from the total plasma
protein (McClatchey 2002).

Calculations

Standard formulae were used to assess growth perfor-
mance: percentage weight gain (WG%), specific growth
rate (SGR), survival rate (SR), and intestinal quotient
(IQ); feed utilization: feed intake (FI), feed conversion
ratio (FCR), and protein efficiency ratio (PER), were
calculated as follows: WG% = 100 × (Wt − W0) / W0;
SGR (% fish−1) = 100 × (LnWt – LnW0) / t; SR (%) =
100 × Nt / N0; IQ = Lg / Ls; FI (% day−1) = 100 × I / [(W0

+Wt) / 2 × t]; FCR = I / (Wt −W0); PER = (Wt −W0) / (I ×
Cpf), where I (g) is the total amount of the test diets fed
on a dry matter basis, W0 (g) is the total initial body
weight andWt (g) is the total final body weight, Lg (cm)
and Ls (cm) are the digestive tract length and body
standard length, t (day) is the duration of the feeding
trial, Nt is the number of fish at the end of the feeding
trial and N0 at the start, and Cpf (%) is the crude protein
contents of the test diets.

Statistics

The data are presented as mean ± standard error of
the mean calculated from three replicates. The data
for each parameter were tested for normality and
homoscedasticity. A one-way analysis of variance
was performed with diet as the independent vari-
able. A Tukey’s HSD test was used for post hoc
performed after a significant ANOVA (P < 0.05).
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Data were analyzed using SPSS version 19.0 (Chi-
cago, IL, USA). The Pearson product moment corre-
lation test was used to determine any correlation among
parameters.

Results

Growth performance and feed utilization

The survival rate of experimental fish ranged from 96 to
100% and was not affected by dietary treatments
(P > 0.05; Table 3). There were no significant differ-
ences in FBW, WG%, SGR, and PER among fish fed
PBM0, 35, 45, and 55 (P > 0.05). Significantly higher
growth performance and PER values were found among
fish fed PBM15 and 25 than PBM0, 45, and 55
(P < 0.05). Standard length (SL) and intestinal quotient
(IQ) did not show significant difference between fish fed
FM-based diet and fish fed diets including PBM
(P > 0.05). Among the PBM treatments, significantly
higher IQ value was observed in PBM45 as compared
to PBM15 and 35 (P < 0.05). No significant differences
were found in FI between the dietary treatments.
PBM15 and 25 showed significantly lower FCR than
PBM0 and 45 (P < 0.05). According to the quadratic
regression, 24.06–25.87% substitution of FM by PBM
could result in the highest WG% (Fig. 1), SGR, PER,
and the lowest values of FCR (Table 3).

Biochemical composition

Whole-body proximate composition was not affected by
the dietary PBM inclusion (Table 4). Crude protein
varied from 16.1 (PBM0) to 17.2 (PBM35) and crude
lipid from 6.9 in PBM0 to 7.8 in PBM25. Dietary
inclusion of PBM did not seem to affect the amino acid
profile of fish (P > 0.05). TEAA of fish fed the experi-
mental diets ranged from 44.7 to 46.1 g 100 g−1 protein
in PBM45 and PBM0 and TNEAA from 45.2 to 46.6 in
PBM25 and PBM35 (Table 4).

Apparent digestibility coefficient and digestive enzyme
activities

Protein ADCwas significantly lower in PBM35, 45, and
55 than other experimental diets (P < 0.05). Apparent
digestibility of lipid and dry matter did not vary signif-
icantly between the control and PBM diets (P > 0.05;

Table 5). The dry matter ADC in PBM15 was signifi-
cantly higher than in PBM55 (P < 0.05). The highest
and the lowest trypsin activities were found in PBM 15
and 55, respectively (P < 0.05; Table 5). Chymotrypsin
activity was significantly higher in PBM35, 45, and 55
than in other diets (P < 0.05). Pearson correlation re-
vealed a significant positive correlation of digestive
lipase activity with lipid ADC (r = 0.70, P < 0.05),
WG%, and SGR (r = 0.88, P < 0.05). There were no
significant differences in lipase activity between the
control and PBM35, 45, and 55 diets (P > 0.05). Amy-
lase activity did not differ significantly among the diets
except in PBM35. Fish fed PBM35 and 45 showed
significantly higher ALP than fish fed other experimen-
tal diets (P < 0.05).

Hematological and serum biochemical parameters

Dietary inclusion of PBM did not seem to affect hemat-
ocrit, hemoglobin, MCHC, albumin, globulin, total pro-
tein, glucose, and uric acid of fish (P > 0.05; Table 6).
The lowest and the highest cholesterol values were
observed in PBM0 and PBM55, respectively. Serum
cholesterol content showed a significant negative corre-
lation with taurine and methionine contents of the ex-
perimental diets (r = − 0.0.773, r = − 0.723, respective-
ly, P < 0.05). Significantly higher triglyceride value was
recorded in fish fed the FM-based diet (P < 0.05;
Table 6) and lower values were observed in PBM25
and 35 (P < 0.05). Serum urea did not vary significantly
among the control and PBM diets (P > 0.05). The serum
Ca content did not differ significantly between the PBM
diets and was the lowest in the control diet. Serum Mg
was significantly higher in PBM25 and 45 than in
PBM0. The lowest serum P content was found in
PBM 35 (P < 0.05) and showed a significant positive
correlation with phosphorus content of the diets (r =
0.67, P < 0.05). Serum amylase and AST values did
not show any significant variation between the diets
(P < 0.05; Table 6). Serum ALT was significantly
higher in PBM35 and 55 than in the control diet.
Serum ALP activity increased significantly with in-
creasing level of PBM in diets. Serum lipase activity
showed a decreasing trend with increase in PBM
levels above 35% replacement of FM (P < 0.05).
Serum lipase activity showed a significant positive
correlation with digestive lipase activity (r = 0.71,
P < 0.05) and lipid ADC.
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Discussion

No significant growth depression was observed in
sobaity sea bream fed the diets including PBM. Capac-
ity to utilize PBM protein for growth has been reported
in many marine species such as juvenile Sciaenops
ocellatus, Rachycentron canadum, and Sparus aurata

up to 50% replacement (Kureshy et al. 2000; Nengas
et al. 1999; Zhou et al. 2011). Gunben et al. (2014),
Wang et al. (2015), and Yang et al. (2006) reported that
PBM at low inclusion levels had positive impact on
growth performance and feed utilization in fish. In our
study replacement of FM with PBM up to 35% resulted
in better growth and efficient feed utilization. Whole-
body proximate composition and amino acid content of
sobaity sea bream were not affected by the replacement
of FM with PBM. Similar observations were made by
Takagi et al. (2000) and Gunben et al. (2014) on red sea
bream and grouper, respectively, when fed different
levels of dietary PBM. Rawles et al. (2006) suggested
that the decrease in whole-body protein and increase in
energy depots as PBM replaced fish meal could indicate
a nutrient imbalance in the diets. It appears that in
sobaity sea bream juveniles low level of FM
(280 g kg−1) in combination with PBM (390 g kg−1) in
the diet could provide sufficient nutrients and energy for
normal growth and body composition.

In present study increased protein digestibility was
observed in treatments with higher growth performance.

Table 3 Growth performance, feed utilization, and quadratic regression between experimental diets and growth and nutrient utilization of
sobaity sea bream fed the experimental diets (means ± SE, n = 3)

PBM0 PBM15 PBM25 PBM35 PBM45 PBM55

IBW 29.2 ± 0.1 29.3 ± 0.1 29.4 ± 0.1 29.0 ± 0.1 29.3 ± 0.2 29.4 ± 0.2

FBW 59.6 ± 1.1 b 66.1 ± 0.9 a 65.7 ± 1.2 a 63.4 ± 1.2 ab 59.3 ± 1.0 b 59.3 ± 2.0 b

SL 12.4 ± 0.1 13.1 ± 0.2 12.9 ± 0.3 12.9 ± 0.03 12.4 ± 0.04 12.6 ± 0.3

IQ 1.4 ± 0.04 abc 1.2 ± 0.03 c 1.5 ± 0.04 ab 1.3 ± 0.1 bc 1.5 ± 0.1 a 1.4 ± 0.04 ab

WG% 104.1 ± 3.1 b 125.7 ± 2.7 a 123.1 ± 3.97 a 118.5 ± 3.3 ab 102.7 ± 4.4 b 101.8 ± 4.9 b

SGR 1.2 ± 0.02 b 1.4 ± 0.02 a 1.3 ± 0.03 a 1.3 ± 0.03 ab 1.2 ± 0.04 b 1.2 ± 0.04 b

S% 96.0 ± 1.02 100.0 ± 0.0 100.0 ± 0.0 100.0 ± 0.0 100.0 ± 0.0 96.7 ± 1.3

FI 1.4 ± 0.04 1.3 ± 0.02 1.3 ± 0.03 1.3 ± 0.02 1.4 ± 0.02 1.3 ± 0.03

FCR 1.2 ± 0.04 a 0.98 ± 0.02 b 1.0 ± 0.03 b 1.1 ± 0.04 ab 1.2 ± 0.1 a 1.1 ± 0.1 ab

PER 1.7 ± 0.1 b 2.1 ± 0.1 a 2.0 ± 0.1 a 1.9 ± 0.1 ab 1.7 ± 0.1 b 1.7 ± 0.1 b

Quadratic regression

R2 b1 b2 Percentage of replacement P value

WG% 0.78 − 0.027 1.28 Xmax = 24.06% 0.002

SGR 0.78 − 0.0002 0.01 Xmax = 24.5% 0.002

FCR 0.62 0.0002 − 0.01 Xmin = 24.5% 0.032

PER 0.78 − 0.0004 0.021 Xmax = 25.87% 0.002

A different superscript in the same row denotes statistically significant differences (P < 0.05). Based on the line equation with assumption
Δ = 0, (%) x = − b2/(2b1) is maximum dietary FM replacement with PBM

IBW initial body weight, FBW final body weight, SL standard length, IQ intestinal quotient, WG% percentage of weight gain, SGR specific
growth rate, FI feed intake, FCR feed conversion ratio, PER protein efficiency ratio. R2 regression coefficient, b1 x2 coefficient, b2 x
coefficient

y = -0.026x2 + 1.275x + 106.9
R² = 0.614 

Max WG%=24.06
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Fig. 1 Estimation of the maximum dietary FM replacement with
PBM for sobaity sea bream (Sparidentex hasta) by quadratic
regression analysis using the percentage of weight gain
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Table 4 Whole-body proximate and amino acid composition of sobaity sea bream fed the experimental diets (means ± SE, n = 3)

PBM0 PBM15 PBM25 PBM35 PBM45 PBM55

Proximate composition

Moisture 70.2 ± 0.6 68.8 ± 0.2 69.1 ± 0.8 68.9 ± 0.1 68.9 ± 0.6 68.9 ± 0.6

Crude protein 16.1 ± 0.2 16.9 ± 0.3 16.6 ± 0.2 17.2 ± 0.4 16.7 ± 0.3 17.1 ± 0.2

Crude lipid 6.9 ± 0.4 7.7 ± 0.2 7.8 ± 0.8 7.5 ± 0.1 7.4 ± 0.1 7.3 ± 0.3

Ash 5.1 ± 0.02 4.9 ± 0.2 4.9 ± 0.1 4.9 ± 0.1 5.3 ± 0.1 5.0 ± 0.1

Amino acid composition

Arginine 8.5 ± 0.2 8.4 ± 0.1 8.2 ± 0.1 8.1 ± 0.1 8.3 ± 0.3 8.2 ± 0.2

Histidine 2.8 ± 0.2 2.8 ± 0.2 3.1 ± 0.1 2.5 ± 0.3 2.6 ± 0.1 2.7 ± 0.2

Isoleucine 4.1 ± 0.1 4.3 ± 0.02 3.9 ± 0.1 4.0 ± 0.2 3.95 ± 0.2 4.2 ± 0.1

Leucine 7.5 ± 0.2 7.4 ± 0.1 7.3 ± 0.1 7.3 ± 0.3 7.2 ± 0.2 7.4 ± 0.3

Lysine 7.9 ± 0.5 7.6 ± 0.2 8.5 ± 0.1 8.3 ± 0.1 8.5 ± 0.7 7.8 ± 0.2

Methionine 2.96 ± 0.2 2.7 ± 0.1 2.8 ± 0.1 2.7 ± 0.1 2.7 ± 0.1 2.7 ± 0.1

Phenylalanine 3.9 ± 0.1 3.9 ± 0.1 3.7 ± 0.02 3.8 ± 0.2 3.7 ± 0.1 3.97 ± 0.1

Threonine 4.3 ± 0.1 4.3 ± 0.2 3.7 ± 0.2 4.4 ± 0.3 3.9 ± 0.1 4.2 ± 0.3

Valine 4.2 ± 0.1 4.2 ± 0.03 4.1 ± 0.02 4.2 ± 0.2 4.0 ± 0.1 4.2 ± 0.1

Taurine 1.7 ± 0.03 1.7 ± 0.1 1.7 ± 0.01 1.8 ± 0.1 1.6 ± 0.03 1.7 ± 0.1

Alanine 5.9 ± 0.1 5.8 ± 0.1 5.75 ± 0.1 5.9 ± 0.02 5.8 ± 0.2 5.8 ± 0.1

Aspartate 7.4 ± 0.1 7.7 ± 0.1 7.4 ± 0.1 7.5 ± 0.1 7.5 ± 0.1 7.6 ± 0.1

Glutamate 15.4 ± 0.1 15.97 ± 0.3 15.2 ± 0.1 15.5 ± 0.2 15.2 ± 0.3 15.7 ± 0.2

Glycine 8.2 ± 0.5 7.8 ± 0.2 7.9 ± 0.1 8.9 ± 0.4 8.4 ± 0.3 7.9 ± 0.9

Serine 4.3 ± 0.04 4.15 ± 0.1 4.3 ± 0.1 4.2 ± 0.1 4.3 ± 0.1 4.3 ± 0.1

Tyrosine 4.1 ± 0.1 4.04 ± 0.1 3.99 ± 0.1 3. 9 ± 0.2 3.9 ± 0.1 4.02 ± 0.1

TEAAa 46.1 ± 0.7 45.6 ± 0.5 45.1 ± 0.4 45.3 ± 0.5 44.7 ± 0.9 45.1 ± 0.8

TNEAAb 46.1 ± 0.4 46.1 ± 0.4 45.2 ± 0.3 46.6 ± 0.1 45.7 ± 0.4 45.9 ± 0.7

a Total essential amino acids
b Total non-essential amino acids

Table 5 Apparent digestibility coefficients (ADCs), digestive enzyme activities (U mg protein−1 min−1) of sobaity sea bream fed the
experimental diets (means ± SE, n = 3)

PBM0 PBM15 PBM25 PBM35 PBM45 PBM55

ADCs

Protein 84.8 ± 1.7 a 87.1 ± 1.5 a 86.0 ± 0.3 a 79.5 ± 1.7 b 79.7 ± 1.0 b 77.0 ± 0.2 b

Lipid 90.3 ± 1.0 ab 93.3 ± 0.8 a 90.2 ± 1.4 ab 88.2 ± 0.1 b 86.8 ± 1.7 b 85.7 ± 0.6 b

Dry matter 79.6 ± 1.0 ab 81.50 ± 1.0 a 76.7 ± 0.6 b 78.0 ± 1.0 ab 78.4 ± 1 ab 75.8 ± 0.3 b

Digestive enzyme

Trypsin 110.7 ± 3.8 b 218.0 ± 5.6 a 110.6 ± 4.7 b 99.9 ± 3.4 bc 98.5 ± 8.0 bc 80.1 ± 6.9 c

Chymotrypsin 0.2 ± 0.04 c 0.3 ± 0.01 c 0.3 ± 0.03 c 0.5 ± 0.01 b 0.6 ± 0.03 a 0.4 ± 0.02 b

Lipase 10.1 ± 0.5 c 15.9 ± 1.9 a 14.96 ± 0.1 ab 11.1 ± 1.1 bc 8.6 ± 0.7 c 9.2 ± 0.5 c

Amylase 5.1 ± 0.1 b 5.7 ± 0.2 ab 5.4 ± 0.2 b 6.1 ± 0.1 a 5.15 ± 0.18 b 5.9 ± 0.2 ab

ALP 138.0 ± 4.2 c 149.5 ± 8.7 c 164.6 ± 7.6 c 251.8 ± 11.8 b 427.1 ± 7.8 a 170.3 ± 12.2 c

A different superscript in the same row denotes statistically significant differences (P < 0.05)

ALP alkaline phosphatase
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The higher nutrient digestibility probably allowed
higher nutrient and amino acid bioavailability, thus
resulting in the higher growth performance in compari-
son with other PBM diets. Merrifield et al. (2010) sug-
gested that improved ADC of nutrients could be due to
an optimum balance and better absorption of amino
acids (AA). Positive correlation between dietary essen-
tial AA (EAA) content and protein ADC of the exper-
imental diets were observed in sobaity sea bream
(Hekmatpour et al. 2018). Hence, the reduced protein
digestibility (at levels of PBM above 35) could be due to
the lower levels of EAA (Hekmatpour et al. 2018;
Hernandez et al. 2014; Nengas et al. 1999; Shapawi
et al. 2007). The reduced protein ADC could be attrib-
uted to the imbalance in AA profile or to the presence of
feathers, connective tissue, and skin in the PBM which
are not easily digested by fish (Nengas et al. 1999).

PBM used in our study had higher lipid content than
FM, and hence, the percentage inclusion of fish oil
decreased with increasing level of inclusion PBM. Prob-
ably decrease in intestinal lipase activity led to reduction
of lipid ADC in diets over 35% substitutions.

In present study the lowest trypsin activity was ob-
served in treatment with the lowest protein apparent
digestibility. The reduction in trypsin activity and pro-
tein digestibility affected feed utilization in fish (Roosta
et al. 2011; Santigosa et al. 2008; Xu et al. 2012).
Chymotrypsin activity did not show any correlation
with growth in sobaity sea bream where as a positive
correlation was observed in Atlantic cod (Lemieux et al.
1999). Animal protein substitution did not affect chy-
motrypsin activity in S. ocellatus (Applebaum and Holt
2003). In our study, trypsin and chymotrypsin were
inversely proportional as reported by Santigosa et al.

Table 6 Hematological and serum biochemical parameters of sobaity sea bream fed the experimental diets (unit: *(g dL−1), **(mg dL−1),
and ***(U L−1); means ± SE, n = 3)

PBM0 PBM15 PBM25 PBM35 PBM45 PBM55

Hematological parameters

Hematocrit (%) 43.0 ± 4.2 42.7 ± 3.4 39.7 ± 0.7 40.3 ± 3.2 43.0 ± 0.6 43.3 ± 0.3

Hemoglobin* 8.9 ± 1.2 7.5 ± 0.1 7.7 ± 0.7 7.6 ± 0.8 9.3 ± 1.3 8.2 ± 0.6

MCHC* 21.8 ± 2.2 17.9 ± 1.5 19.5 ± 0.2 19.0 ± 1.1 22.0 ± 2.5 22.7 ± 2.8

Serum biochemical parameters

Albumin* 0.5 ± 0.1 0.4 ± 0.1 0.5 ± 0.2 0.4 ± 0.2 0.3 ± 0.2 0.5 ± 0.1

Globulin* 4.9 ± 0.2 5.0 ± 0.1 4.8 ± 0.1 5.0 ± 0.2 4.1 ± 0.5 4.8 ± 0.2

Total protein* 5.7 ± 0.4 5.4 ± 0.1 5.3 ± 0.2 5.4 ± 0.3 4.4 ± 0.7 5.3 ± 0.3

Glucose** 94.7 ± 1.9 88.7 ± 0.9 85.0 ± 1.5 94.7 ± 2.9 92.7 ± 2.96 92.0 ± 1.7

Cholesterol** 412.0 ± 12.0 c 519.3 ± 19.4 b 464.0 ± 13.8 b 607.3 ± 11.5 a 575.0 ± 15.4 a 630.7 ± 8.7 a

Triglyceride** 352.7 ± 18.6 a 263.7 ± 9.3 b 224.3 ± 13.5 c 228.0 ± 9.5 c 265.0 ± 12.7 b 266.3 ± 11.2 b

Urea** 8.6 ± 0.1 abc 7.0 ± 0.3 bc 6.8 ± 0.2 c 8.4 ± 0.8 abc 9.5 ± 1.1 ab 10.2 ± 0.2 a

Uric acid** 0.7 ± 0.1 0.6 ± 0.1 0.6 ± 0.2 1.00 ± 0.2 1.03 ± 0.1 1.0 ± 0.1

Ca** 15.6 ± 1.8 b 20.5 ± 0.9 a 19.1 ± 1.3 a 20.0 ± 1.2 a 19.6 ± 0.5 a 21.8 ± 1.2 a

P** 12.9 ± 0.7 a 10.8 ± 0.4 ab 11.3 ± 0.6 ab 9.3 ± 0.6 b 9.7 ± 1.0 b 10.3 ± 0.6 ab

Mg** 4.5 ± 0.2 b 6.1 ± 0.2 a 5.0 ± 0.2 ab 4.7 ± 0.4 ab 6.0 ± 0.2 a 5.8 ± 0.6 ab

Serum enzyme activities***

AST 173.7 ± 6.6 abc 184.3 ± 8.7 ab 174.7 ± 11.7 abc 188.0 ± 5.8 a 142.7 ± 2.6 c 148.3 ± 7.5 c

ALT 3.7 ± 0.3 c 4.7 ± 0.7 bc 5.3 ± 0.7 abc 6.3 ± 0.3 ab 6.0 ± 0.6 abc 7.3 ± 0.7 a

ALP 217.7 ± 6.5 e 434.0 ± 11.0 d 509.3 ± 17.7 c 642.7 ± 19.8 b 581.7 ± 7.3 b 1092.3 ± 11.4 a

Lipase 50.3 ± 1.7 b 55.7 ± 1.7 a 51.0 ± 0.6 b 45.3 ± 1.2 c 45.3 ± 0.7 c 44.7 ± 0.3 c

Amylase 5.6 ± 0.3 5.7 ± 0.1 5.25 ± 0.2 5.4 ± 0.3 4.4 ± 0.7 5.3 ± 0.3

A different superscript in the same row denotes statistically significant differences (P < 0.05)

P inorganic phosphorus, Ca calcium, Mg magnesium, ASTaspartate aminotransferase activity, ALT alanine aminotransferase activity, ALP
alkaline phosphatase
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(2008) in S. aurata. They suggested that changes in the
trypsin and chymotrypsin activity may imply a differ-
ential availability of oligopeptides and amino acids
causing an amino acid imbalance in diets. In the present
study lipase activity showed positive correlation with
lipid ADC and serum lipase activity. Substitution of FM
with PBM up to 35% increased digestive lipase activity,
consequently resulting in increased serum enzyme ac-
tivity for transport and circulation of lipid within the
blood stream (De Silva and Anderson 1995). Similar to
our results, activity of α-amylase was lower than alka-
line protease and lipase in carnivorous species such as
red sea bream, annular sea bream, and common Pandora
(Fernandez et al. 2001). The experimental diets, except
PBM35, did not induce or suppress amylase activity in
sobaity. Jalili et al. (2012) reported that protein source
did not significantly affect amylase activity in Onco-
rhynchus mykiss. Higher digestive ALP activity in
PBM35 and 45 probably indicating an increased nutri-
ent absorption in enterocytes (Gawlicka et al. 2000) and
brush boarder cells (Nya and Austin 2011) in fish.
Intestinal quotient (IQ) was the highest in PBM45,
which was also associated with the highest ALP activity.
Higher IQ in Rhamdia quelen (Lazzari et al. 2010) and
better developed intestinal villi and microvilli in
S. aurata (Silva et al. 2010) were reported when fed
animal protein diet. This adaptive characteristic of the
enzymes activity can be successfully used to take ad-
vantage of the nutrient content of diets (Moraes and
Bidinotto 2000).

In the present study hemoglobin values were not
affected by experimental diets and varied between 7.47
and 9.34 g dL−1. Hematocrit is a reliable index for
checking the anemic condition as well as fish health
relative to nutrition, disease, and stress status (Brill
et al. 2008), which in our study was not affected by
replacement of fish meal. The MCHC value in sobaity
sea bream was comparable with values reported for
other fish species (Fazio et al. 2013; Peres et al. 2014).
The range of hematological parameters recorded in the
present study suggested that substitution of FM up to
55% by PBM did not lead to any sign of anemia in
sobaity sea bream. As TP, albumin, and globulin did not
differ between treatments, it could be stated that the
replacement of FM with PBM had no adverse effect
on control of serum protein synthesis and albumin and
globulin contents (Xu et al. 2012). PBM had no signif-
icantly effect on serum glucose values of sobaity sea
bream. Serum cholesterol content fluctuated

significantly in response to the inclusion of PBM in
diets probably due to the characteristic of the protein
source. Cholesterol showed a significant negative cor-
relation with methionine and taurine content of the
experimental diets. Higher serum cholesterol was ob-
served in marine species fed low taurine (Gaylord et al.
2007) and methionine diets (Zhou et al. 2011). The
lowest triglyceride level was observed in treatments
which was associated with the higher growth and
nutrient performance. Cheng et al. (2010) and
Mozanzadeh et al. (2016) suggested that the reduction
in serum triglyceride could be attributed to higher rate of
lipid hydrolysis and consequently higher metabolism, in
fish fed these diets in comparison to fish fed the control
diet, suggesting an effect on energy metabolism. Similar
to our results, comparable levels of serum urea and uric
acid between treatments were observed by Perera et al.
(1995). Decreased urea excretion has been shown in
rainbow trout fed diets containing balanced EAA (Me
´dale et al. 1998). The serum Ca, P, and Mg levels were
comparable with the values reported in sobaity sea
bream (Mozanzadeh et al. 2015) and S. aurata (Peres
et al. 2013). The Ca:P ratio (1.7:1) in S. hasta was
comparable to the 1.4:1 ratio reported in S. aurata
(Peres et al. 2013). Sobaity sea bream showed higher
serum Ca and lower P in PBM diets which could be
attributed to the composition of PBM.

In our study, the serum ALP showed clear separation
from other variations according to principal component
analysis. According to Mozanzadeh et al. (2017), ALP
could be used as a reliable hepatic biomarker for
assessing the nutritional and health conditions in sobaity
sea bream. The serum ALP increased with the increas-
ing level of inclusion PBM. This increase could be
attributed to the processing of energy substrates by the
liver leading to increased trans-membrane transport of
ions and water, elevation of hepatic ALP activities, and
increased leakage of these enzymes into the blood
(Congleton and Wagner 2006). On the contrary, serum
AST and ALT did not show any relation/trend with
increasing level of PBM in diets suggesting that inclu-
sion of PBM did not have any adverse effect on liver
(Harikrishnan et al. 2011). The digestive lipase, serum
lipase, and lipid ADC reduced as PBM substitution
increased above 35%. Serum lipase activity is related
to lipid mobilization in liver and adipose tissues, sup-
plying fatty acids to peripheral tissues, also is a health
clinical index of pancreas and increase in its leakage in
serum indicated pancreatic disorders (Navarro and
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Gutierrez 1995). This overall decline in lipase could be
attributed to a decrease of enzyme synthesis and turn-
over rates in fish fed these diets (Evans and Watterson
2009). Serum amylase activity did not vary between the
treatments probably suggesting that the replacement of
FM by PBM did not affect the normal functioning of the
pancreas.

Our findings suggest that fish meal protein could be
reduced by poultry by-product meal in the formulated
diets for S. hasta juveniles up to 45% (280 g kg−1 FM +
340 g kg−1 PBM) without any adverse effect on its
overall performance.
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