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Abstract
Effects of adding organic acid salts (OAS) to plant protein (PP)–rich feeds were evaluated in a
trial with juvenile yellowfin seabream (Acanthopagrus latus) (initial weight ca 6.5 g). Fish
were given iso-nitrogenous (ca. 48% protein) and iso-caloric (ca. 19.6 kJ g−1) feeds supple-
mented with sodium acetate (SA) and sodium propionate (SP): SP5 (5 g SP kg−1), SP10 (10 g
SP kg−1), SA5 (5 g SAkg−1), SA10 (10 g SAkg−1), and SP+SA (5 g SP kg−1 + 5 g SAkg−1). A
PP-rich feed without OAS supplementation was the control. There were 3 replicates for each
treatment and trial duration was 8 weeks, during which time the fish were kept in 60-L tanks
(10 fish per tank) and fed to satiation twice each day. At the end of the trial, growth
performance, feed utilization, whole-body proximate composition, and hemato-biochemical
parameters were analyzed. Final weights in SP5 (14.61 g), SP10 (14.14 g), and SP+SA (14.29
g) groups were remarkably higher than the control (11.18 g). The highest and the least feed
conversion ratio values were in the control (1.71) and SP5 (1.19) groups, respectively. Whole-
body proximate composition did not change among groups. Blood hemoglobin contents in
fish fed the OAS-supplemented diets were between 7.44 and 7.88 g dL−1 that was higher than
the control (6.47 g dL−1). Fish fed on the OAS-incorporated diets had greater amounts of
plasma total protein (6.0–6.94 g dL−1) compared to the control (5.06 g dL−1). According to the
findings of this study, administrating 5 g SP kg−1 of a PP-rich diet is recommended for
improving growth and welfare of A. latus juveniles.
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Introduction

Terrestrial plant ingredients make up a major part of aquafeeds and supported the
sustainability of aquafeed industry (Gatlin et al. 2007; Hardy 2010). However, formula-
tion of plant protein (PP)–rich diets especially for carnivorous fish species is challenging
due to the existence of anti-nutrients (e.g., tannins, saponins, lectins, phytate, and
protease inhibitors) and non-starch polysaccharides (e.g., cellulose, xylan and pectin),
deficiencies or imbalances in their amino acid profiles, and low bioavailability of some
minerals (Francis et al. 2001; Gatlin et al. 2007). A plethora of studies demonstrated that
feeding various marine carnivorous fish species with PP-rich diets resulted in growth
retardation, nutrients digestibility reduction, anemia, metabolic disorders, gut inflamma-
tion, and immunosuppression (Silva-Carrillo et al. 2012; Song et al. 2014; Sotoudeh
et al. 2016; Yaghoubi et al. 2016; Zhang et al. 2016; Abbasi et al. 2020; Hernández et al.
2020). There is an increasing interest in using organic acids particularly short chain fatty
acids (SCFA) for alleviating the negative impacts of PP-rich diets (Hoseinifar et al. 2017;
Ng and Koh 2017; Tran et al. 2018). Organic acids particularly SCFA or their salts have
been shown to alleviate some problems brought by inclusion of PP sources in diet such
as mitigation of gut inflammatory response, oxidative damage, intestinal micro-
ecological imbalance, and healing gut tight junction disruption (Rimoldi et al. 2016;
Liu et al. 2019). Organic acid salts (OAS) are chelated form of SCFA to minerals (Ng
and Koh 2017). Short chain fatty acids such as acetic acid and propionic acid are
generally passively absorbed by the intestinal epithelia and they are preferred energy
sources for enterocytes through the citric or carboxylic acid cycles (Luckstadt 2008; Ng
and Koh 2017; Tran et al. 2018). It has been reported that SCFA or their salts increase
the bioavailability of dietary minerals by chelating them. Also, OAS can enhance the
digestibility of dietary nutrients by acidifying diet and the gastrointestinal tract through
delivering H+ ions (Lim et al. 2015; Ng and Koh 2017). Furthermore, supplementing
aquafeeds with OAS can promote the physical quality of diet such as expansion ratio,
durability, and water stability of pellets (Morken et al. 2011). Besides, OAS can
beneficially modulate the fish intestinal microbiome by reducing pathogenic bacteria
and increasing lactic acid bacteria (LAB) colonization (Luckstadt 2008; Katya et al.
2018; Reyshahri et al. 2019). In addition, due to their antimicrobial characteristics, OAS
are considered as ecofriendly and biodegrable alternatives for antibiotics in aquaculture
(Hoseinifar et al. 2017; Ng and Koh 2017).

Yellowfin seabream, Acanthopagrus latus, is a valuable carnivorous species and considered
as a promising candidate for extending marine cage culture in the tropical and subtropical
regions. Furthermore, in recent years, this species was considered as good alternative to shrimp
culture especially in the south-west of Iran where shrimp culture industry drastically suffered
from white spot disease (Vahabnezhad et al. 2016; Esmaeili et al. 2019). A recent work by
Abbasi et al. (2020) demonstrated that about 57% of FM and FO can be replaced with mixtures
of PP and vegetal oils in diet for this species, indicating yellowfin seabream has great potential
in utilizing PP feedstuffs. It has been speculated that inclusion of OAS in a PP-rich diet can
enhance the tolerance of carnivorous fish species to high levels of PP in diet (Zhang et al.
2016; Lin and Cheng 2017; Chen et al. 2018). Thus, in the present study, it was aimed to
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evaluate the influence of supplementing a PP-rich diet with individual or blend of OAS
including sodium propionate and acetate on growth rate, hemato-biochemical parameters,
and body composition of A. latus juveniles.

Materials and methods

Feed preparation

Six iso-nitrogenous (ca. 48% crude protein) and iso-caloric (ca. 19.6 kJ g−1) PP-rich feeds were
formulated (WUFFDA software, Ver 2.1, USA) (Table 1). About 75% of dietary protein was
derived from blends of PP sources and crystalline amino acids. The PP-rich diet was
supplemented with different levels of OAS including sodium propionate (SP) and sodium
acetate (SA) to design experimental feeds as follows: SP5 (5 g SP kg−1 diet), SP10 (10 g SP
kg−1 diet), SA5 (5 g SA kg−1 diet), SA10 (10 g SA kg−1 diet), and SP + SA (5 g SP kg−1 + 5 g
SA kg−1 diet). Organic acid salts were added in the experimental diets at the expense of
cellulose. The PP-rich diet without OAS supplementation was used as a control. Dry feedstuffs
and OAS were blended for 20 min, then oils were added to the mixture and blended for more
10 min. Enough distilled water was added to form a dough and pellets (1 mm) were made with
a meat grinder. Finally, pellets were dried (60° C for 12 h) then kept in a freezer (− 18° C).

Standard methods were conducted to examine proximate biochemical composition of feed
stuffs, experimental diets, and fish whole body (AOAC 2005). Samples were dried at 105° C
to a constant weight to determine their moisture content in an oven (D-63450; Heraeus, Hanau,
Germany). Crude protein content was determined using an Auto Kjeldahl System (N × 6.25;
Kjeltec Auto Analyzer; FOSS, Hillerød, Denmark) and estimated by multiplying nitrogen by
6.25. Crude lipid was measured following the chloroform-methanol method (Folch et al.
1957). Ash content was determined gravimetrically following loss of mass after combustion
of a sample in a muffle furnace (Muffle furnace, Isuzu, Tokyo, Japan) at 550° C for 8 h.
Dietary crud fiber was measured according to the method of AOAC (2000), using an
automatic fiber analyzer (Fibertec System M, Tecator, Sweden).

Husbandry trial

The present study was performed at Aquatic Research Laboratory of Agriculture and Natural
Resources College of Persian Gulf University (29°26′N, 51°23′ E, Borazjan, Bushehr, Iran). A
total of 250 yellowfin seabream were purchased from the Mariculture Research Station of
Iranian Fisheries Science Institute (30°32′ N, 49°20′ E, Sarbandar, Khuzestan, Iran) and
stocked in a 2000-L circular fiberglass tank and acclimated to the husbandry system for 2
weeks. During a 2-week acclimation period, fish were fed with the control diet to apparent
satiation, twice (at 10:00 and 16:00 h) daily. One hundred and eighty fish (6.5 ± 0.2 g, mean ±
standard error) were individually weighed then distributed into 18 fiberglass tanks with
volume of 60 L (10 fish tank−1) and each treatment replicated in triplicate. Husbandry system
was filled with sand-filtered and chlorine disinfected brackish water and about 30% of water
was exchanged daily. The temperature, pH, ammonia-nitrogen, and salinity of water were 22.0
± 0.5° C, 7.5 ± 0.5, 0.09 ppm, and 10.0 ± 0.2 ppt, respectively. The photoperiod was 12L:12D
(light:darkness). Fish were hand-fed on the experimental feeds twice daily (10:00 and 16:00 h)
to apparent satiation for 56 days. Every day in the morning, the bottom of the tanks was
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siphoned for cleaning up the feces. Thirty minutes after each feeding, the unfed pellets were
siphoned from bottom of the tanks then dried in an oven (50° C, 24 h) and weighed.

Sampling

At the beginning of the feeding trial, 10 fish were collected from the initial population for the
analysis of whole-body proximate composition. After 56 days of feeding trial, fish were unfed
for a day. Biometry of fish regarding their weight (g) and total length (cm) were done

Table 1 Ingredients and proximate composition of the experimental diets (g kg−1 dry diet)

Ingredientsa Experimental diets

Control SP5 SP10 SA5 SA10 SP + SA

Fish meal1 170.0 170.0 170.0 170.0 170.0 170.0
Soybean meal2 402.3 402.3 402.3 402.3 402.3 402.3
Corn gluten1 167.5 167.5 167.5 167.5 167.5 167.5
Wheat gluten1 90.0 90.0 90.0 90.0 90.0 90.0
Wheat middlings1 20.0 20.0 20.0 20.0 20.0 20.0
Fish oil1 70.0 70.0 70.0 70.0 70.0 70.0
Soybean oil2 20.0 20.0 20.0 20.0 20.0 20.0
Soy lecithin2 10.0 10.0 10.0 10.0 10.0 10.0
Mineral mix3 10.0 10.0 10.0 10.0 10.0 10.0
Vitamin mix3 5.0 10.0 10.0 10.0 10.0 10.0
Antioxidant 0.20 0.20 0.20 0.20 0.20 0.20
Methionine 5.0 5.0 5.0 5.0 5.0 5.0
Lysine 5.0 5.0 5.0 5.0 5.0 5.0
Dicalcium phosphate 5.0 5.0 5.0 5.0 5.0 5.0
Sodium acetate4 0.00 0.00 0.00 5.0 10.0 5.0
Sodium propionate4 0.00 5.0 10.0 0.00 0.00 5.0
Cellulose 10.0 5.0 0.00 5.0 0.00 0.00
Proximate analysis (g/kg)
Protein 482.1 480.0 480.2 481.9 482.6 479.8
Lipid 123.8 124.5 125.1 122.6 121.6 123.2
Moisture 103.0 99.0 101.0 98.0 102.0 96.0
Ash 96.1 96.5 97.2 96.2 95.5 96.1
NFE5 232.0 230.0 226.5 231.3 228.3 232.9
Gross energy (kJ g−1)6 19.62 19.69 19.65 19.68 19.60 19.71

Diet abbreviations: SP5 (5 g kg−1 SP), SP10 (10 g kg−1 SP), SA5 (5 g kg−1 SA), SA10 (10 g kg−1 SA), and SP +
SA (5 g kg−1 SP + 5 g kg−1 SA)
a Composition of ingredients as % dry weight basis [fish meal (73.5% crude protein, 10.7% crude lipid); soybean
meal (41.0% crude protein, 4.2% crude lipid); corn gluten (71.4% crude protein, 4.1% crude lipid); wheat gluten
(52.4% crude protein, 3% crude lipid)
1 Beyza Feed Mill 21, Shiraz, Iran
2 Product of Kesht Va Sanat Shomal Vegetable Oil Factories Complex (Neca, Iran)
3 Vitamin and mineral premix U kg−1 of premix: vitamin A 5,000,000 IU, vitamin D3 500,000 IU, vitamin E
3000 mg, vitamin K3 1500 mg, vitamin, 6000 mg, vitamin B2 24,000 mg, vitamin B5 52,000 mg, vitamin B6
18,000 mg, vitamin B12 60,000 mg, folic acid 3000 mg, nicotinamide 180,000 mg, antioxidant 500 mg, copper
3000 mg, zinc 15,000 mg, manganese 20,000 mg, iron 10,000 mg, potassium iodate 300 mg, career up to1 kg,
Damloran pharmaceutical company, Broujerd, Iran
4 Sigma-Aldrich (99% purity, Germany)
5 Nitrogen-free extract, calculated as 100 − (crude protein + crude lipid + crude ash + crude fiber)
6 Calculated on gross energy values of 23.6 k g−1 proteins, 39.5 kJ g−1 fat, and 17.2 kJ g−1 carbohydrates (NRC
2011)
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individually for all treatments. For evaluating complete blood counts, nine fish per treatment (3
fish of each tank) were anesthetized with an anesthetic (clove powder, 500 ppm) and bled from
the caudal vein using heparinized syringes and the collected blood was transferred into
heparinized vials. For examining plasma biochemical parameters, nine fish in treatment (3
fish of each tank) were anesthetized with the same anesthetic and bled with heparinized
syringes and blood was transferred into heparinised vials, then centrifuged (1600g, 5 min)
and plasma was extracted and kept in a freezer (− 80° C). Six fish per treatment (2 fish from
each tank) were sacrificed with an overdose of the anesthetic (1000 ppm) and kept in a freezer
(− 20° C) to determine the whole-body proximate composition.

Calculations

Standard formulae were used to determine growth performance, feed utilization, and somatic
indices: SGR: specific growth rate (%) = ((ln BWf – ln BWi)/t) × 100, where t is the
experimental period = 8 weeks; WG: weight gain (%) = ((BWf – BWi)/BWi) × 100; feed
intake = total feed intake per tank (g)/number of fish; FCR: feed conversion ratio = (feed intake
(g)/weight gain (g)); PER: protein efficiency ratio = (protein intake (g)/weight gain (g)); K:
Fulton’s condition factor = (BWf (g)/standard length (cm)3) × 100; in which BWi and BWf are
initial body weight and final body weight, respectively. For determining nutrients retention in
the whole body, the following formulae were used: protein retention (PR) = [BWf (g) × crude
protein of final fish (%) − BWi (g) × crude protein of initial fish (%)]/protein intake (g) and
lipid retention (LR) = [BWf (g) × crude lipid of final fish (%) − BWi (g) × crude lipid of initial
fish (%)]/lipid intake (g).

Hematology

Complete blood counts were examined as described by Blaxhall and Daisley (1973) and Dacie
and Lewis (2001). The number of blood red cells (RBC) and white blood cells (WBC) were
counted manually using a hemocytometer. Hematocrit (Hct) was analyzed using the standard
microhematocrit method (centrifuging 13,000 rpm for 3 min) and reported as percentages.
Hemoglobin (Hb) concentration was determined using a cyanomethemoglobin method. Mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC) were calculated according to the following formulae:

MCV nm3ð Þ ¼ Hct %ð Þ=RBC �106 μLð Þ � 10
MCH pg cell−1ð Þ ¼ Hb g dL−1ð Þ=RBC �106 μLð Þ � 10

MCHC g cell−1ð Þ ¼ Hb g dL−1ð Þ=Hct %ð Þ

Plasma metabolites including total protein, albumin, glucose, and triglyceride were measured
using an autoanalyzer (Technicon RA-1000, USA) by clinical kits (Pars Azmoon Kit, Iran).

Statistics

A SPSS ver. 20 (Chicago, Illinois, USA) software was used for data analyses. Normality of
data tested with Kolmogorov-Smirnov test and homogeneity of variance was carried out with
Levene test. One-way ANOVA at α = 0.05 used for finding significant differences among
groups and Duncan’s procedure was used for multiple comparisons.
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Results

All fish survived the growth trial (Table 2). Growth of fish given SA5 did not differ
significantly from that of the fish given the control feed, but the other treatments had higher
growth than the control (P < 0.05). The growth performance of fish fed SA-supplemented diets
did not significantly different, regardless of its inclusion levels. Fulton’s condition factor was
not affected by diets. Feed intake in fish fed SP-supplemented and SP + SA diets was higher
than those in the control and SA10 groups (P < 0.05). In addition, there was no significant
difference in feed intake values between SP10 and SA5 groups (P > 0.05). Feed conversion
ratio was increased in the control compared to OAS-supplemented diets. Protein efficiency
ratio in fish fed on SP-supplemented diets (5 and 10 g kg−1) was greater than those fed the
control and SA-supplemented diets; meanwhile, fish fed on the SP + SA-supplemented diet
showed intermediate value. The whole-body biochemical composition of fish was not affected
by supplementing diets with single or mixture of OAS (P > 0.05, Table 3), but protein
retention increased in fish fed on the OAS-supplemented diets.

Regarding hematological parameters, inclusion of OAS in diet elevated blood Hb content in
comparison with the control (P < 0.05, Table 4). However, other factors including RBC and
WBC, Hct, and blood indices were not influenced by diets. The amounts of plasma total
protein and albumin in fish fed on the OAS-incorporated diets were greater than the control (P
< 0.05, Table 5); meanwhile, plasma glucose and triglyceride were not affected by experi-
mental feeds.

Discussion

Organic acid salts are considered as growth promoter supplements for farmed aquatic species
as they providing energy for gut epithelial cells, adjusting the gut microbiome, and improving
intestinal health and nutrients utilization (Silva et al. 2013; Hoseinifar et al. 2017; Ng and Koh
2017). The results of the current research demonstrated that administrating SP (5 or 10 g kg−1

diet) in PP-rich diets pronouncedly enhanced growth in A. latus compared with the control
may as consequence of increased feed intake and feed utilization. Likewise, supplementing
diet with SP in Caspian white fish (Rutilus frisii kutum, Hoseinifar et al. 2016) remarkably
increased growth rate in this species. However, in this research, the growth-promoting effects
of SA in diet was negligible compared to SP because of lower feed intake in fish fed SA-
supplemented diets. Similarly, several studies reported insignificant effect of incorporating
acidifiers in diet on the growth performance of aquaculture species such as catfish (Clarias
gariepinus; Owen et al. 2006), rainbow trout (Oncorhynchus mykiss; Pandey and Satoh 2007),
hybrid tilapia (Ng et al. 2009; Zhou et al. 2009; Ebrahimi et al. 2017), and black tiger shrimp
(Penaeus monodon; Ng et al. 2015). It has been suggested that an appropriate mixture of
different OAS could enhance their positive synergistic impacts (Katya et al. 2018) that was
noticed in our study in fish fed on the diet containing a combination of SP and SA compared to
the fish fed the SA diets. In this context, it has been demonstrated that blends of different OA
enhanced growth rate in various fish species such as: calcium propionate and formic acid in
Mrigal carp (Cirrhinus mrigala, Kumar et al. 2017) and mixture of propionic acid, ammonium
format, and formic acid in olive flounder (Paralichthys olivaceus, Katya et al. 2018). Likewise,
Huan et al. (2018) reported that hybrid tilapia (Oreochromis niloticus × O. aureus) fed a PP-
base (without FM) diet supplemented with blends of Ca-propionate, Ca-formate, and SA had
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similar growth rate compared to fish fed PP-rich diet (contained 80 g FM kg−1 diet). These
discrepancies could be related to differences in the types and doses of acidifiers applied in
different trials, fish species, and their health status as well as rearing conditions (Hoseinifar
et al. 2017).

In the present study, the enhanced feed utilization observed in OAS-supplemented groups
could be associated with the reduction of pH in the gut and feed that could increase the
digesting capacity of gastrointestinal tract that may improve pepsin activity (Castillo et al.
2014; Ng and Koh 2017). In addition, reduction in pH could improve mineral solubilization in
the gut that eventually enhance their availability and absorbance. In addition, supplementing a
PP-rich diet with OAS can increase bioavailability of phosphorous by de-phosphorylation of
phytic acid (Hoseinifar et al. 2017). In agreement with the results of the present study, it has
been reported that sodium diformat (Reyshahri et al. 2019) or butyric acid (Aalamifar et al.
2020) improved growth performance and feed utilization in Asian seabass (Lates calcarifer). It
has been postulated that the low molecular weight of OAS increase palatability of feed by

Table 5 Plasma biochemical parameters of A. latus juveniles fed diets containing different organic acids salts for
eight weeks (mean values of 3 replicates ± SEM). A different superscript in the same row denotes statistically
significant differences (P < 0.05)

Parameters Dietary treatments

Control SP5 SP10 SA5 SA10 SP + SA P
value

Total protein (g
dL−1)

5.06 ± 0.2b 6.0 ± 0.2a 6.20 ± 0.2a 6.03 ± 0.3a 6.94 ± 0.3a 6.22 ± 0.3a 0.002

Albumin (g dL−1) 2.50 ± 0.1b 3.28 ± 0.2a 3.21 ± 0.3a 3.16 ± 0.4a 3.26 ± 0.2a 3.33 ± 0.3a 0.038
Glucose (mg dL−1) 53.06 ± 5.9 51.07 ± 3.8 46.71 ± 5.3 51.43 ± 3.4 54.81 ± 6.3 52.31 ± 4.6 0.526
Triglycerides

(mg dL−1)
199.3 ± 11.6 199.5 ± 7.6 203.7 ± 7.4 206.7 ± 8.4 203.8 ± 8.0 205.5 ± 10.3 0.578

Diet abbreviations: SP5 (5 g SP kg−1 diet), SP10 (10 g SP kg−1 diet), SA5 (5 g SA kg−1 diet), SA10 (10 g SA
kg−1 diet), and SP + SA (5 g SP kg−1 + 5 g SA kg−1 diet)

Table 4 Hematological parameters of A. latus juveniles fed diets containing different organic acids salts for 8
weeks (mean values of 3 replicates ± SEM). A different superscript in the same row denotes statistically
significant differences (P < 0.05)

Parameters Dietary treatments

Control SP5 SP10 SA5 SA10 SP + SA P
value

RBC (× 106 μL−1) 2.22 ± 0.02 2.36 ± 0.07 2.35 ± 0.09 2.25 ± 0.12 2.25 ± 0.08 2.29 ± 0.05 0.207
WBC (× 103 μL−1) 123.8 ± 5.0 122.1 ± 3.0 128.1 ± 8.0 122.4 ± 2.8 123.7 ± 2.1 121.9 ± 3.0 0.592
Hct (%) 28.4 ± 2.4 29.5 ± 2.8 29.6 ± 2.5 29.4 ± 2.0 29.5 ± 4.7 32.0 ± 4.0 0.833
Hb (g dL−1) 6.47 ± 0.5b 7.51 ± 0.3a 7.53 ± 0.4a 7.44 ± 0.3a 7.88 ± 0.4a 7.79 ± 0.8a 0.040
MCV (nm3) 128.3 ± 11.3 124.5 ± 8.7 125.6 ± 6.8 130.6 ± 4.3 130.9 ± 15.9 139.7 ± 16.9 0.684
MCH (pg cell−1) 29.2 ± 2.2 31.8 ± 1.6 32. 0 ± 0.6 33.1 ± 2.8 35.1 ± 0.6 33.9 ± 3.2 0.069
MCHC (g dL−1) 23.0 ± 3.6 25.6 ± 2.1 20.7 ± 1.6 25.4 ± 2.1 27.0 ± 2.9 24.4 ± 0.7 0.460

Diet abbreviations: SP5 (5 g SP kg−1 diet), SP10 (10 g SP kg−1 diet), SA5 (5 g SA kg−1 diet), SA10 (10 g SA
kg−1 diet), and SP + SA (5 g SP kg−1 + 5 g SA kg−1 diet). RBC red blood cell, WBC white blood cell, Hct
hematocrit, Hb hemoglobin, MCV mean cell volume, MCH mean cell hemoglobin, MCHC mean cell hemoglo-
bin concentration
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leaching from feed and inducing feeding behavior of aquatic species (Ng and Koh 2017; Tran
et al. 2018). In addition, the results of the present study showed that PA-supplemented diets
induced higher FI in A. latus compared to the control and SA-supplemented diets that resulted
in higher growth performance. Previous studies also demonstrated that OAS could act as
attractants in different fish species such as Nile tilapia (Oreochromis niloticus) (Xie et al. 2003)
and Asian seabass (Reyshahri et al. 2019).

In the current study, whole-body biochemical composition of fish was not affected by
supplementation of different OAS in diet. Similarly, it has been demonstrated that
supplementing different OA in diets did not change whole body in various farmed fish species
(Castillo et al. 2014; Rodriguez et al. 2017; Wassef et al. 2017; Katya et al. 2018). It seems that
differences in experimental feed composition, feeding trial period, source, and concentration of
OA as well as fish species might result in such discrepancies in the findings of the mentioned
studies.

The findings of this study revealed that blood Hb content elevated in fish fed on the OAS-
incorporated diets indicating greater oxygen-carrying capacity of blood. These results could be
associated with increasing and liberating of minerals especially in PP due to the presence of
phytate in these ingredients (Reda et al. 2016). In this regard, Benedito-Palos et al. (2016)
reported that replacement of a large portion of FM and FO in diet with vegetal sources induced
signs of anemia in gilthead seabream (Sparus aurata), but supplementing butyric acid (4 g
kg−1 diet) in diet restored Hb level in fish. Positive influence of incorporating acidifiers in diets
on hematological parameters such as increase in Hb, Htc, RBC, and WBC counts was also
reported in other cultured fish species (Baruah et al. 2009; Kumar et al. 2017; Hassaan et al.
2018; Abdel-Mohsen et al. 2018).

In the current study, plasma total protein and albumin pronouncedly enhanced in
A. latus fed OAS-administered diets. In this regard, inclusion of dietary acidifiers such as
malic acid (Hassaan et al. 2018), blends of OA (formic acid and calcium propionate,
Kumar et al. 2017), and sodium diformate (Wassef et al. 2017) increased serum total
protein and albumin in Nile tilapia, mrigal carp, and European sea bass, respectively. The
findings of our study showed that the concentrations of plasma cholesterol and triglyc-
erides were not influenced by different levels or sources of OAS as also reported in red
hybrid tilapia (Ebrahimi et al. 2017) and olive flounder (Katya et al. 2018). In contrast, it
has been reported that dietary humic acid (Yilmaz et al. 2018) and sodium diformate
(Krome et al. 2018; Reyshahri et al. 2019) reduced serum total triglyceride and choles-
terol in different fish. These contradictory results might arise from differences in SCFA
type, fish species, and life stage (Ng and Koh 2017).

Conclusion

Overall, as supplementing 5 or 10 g kg−1 of SP in PP-rich diets had the same influence on
growth and physiological responses of A. latus, thus administrating 5 g SP kg−1 of a PP-rich
diet is recommended for this species. However, the influence of including SA in PP-diet on
growth performance and feed utilization of A. latus was negligible. It seems that growth-
promoting effects of SP or blends of OAS were associated with feed and protein efficiency as
well as health indices in A. latus.
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