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Introduction

The great sturgeon (Huso huso) is the largest and one of the most economically important sturgeon species
native to the Caspian Sea (Ciulli et al., 2020). In recent years, this species has attracted considerable
interest in global aquaculture due to its rapid growth rate, high tolerance to environmental stressors and
pathogenic challenges, and adaptability to a wide range of culture conditions (Mohseni et al., 2021). In
aqua-feed industry, environmentally friendly feed additives have emerged as a promising strategy to
reduce reliance on chemical treatments while enhancing nutrient bioavailability in fish and shellfish (Ng
and Koh, 2017). Acidifiers (compounds containing organic acids and their salts) are one of the common
additives with many beneficial effects in aquatic nutrition (Sotoudeh et al., 2020; Zhang et al., 2022). The
presence of organic acids reduces the acidity of food and prevents the growth of harmful microorganisms
during storage or the secretion of toxic metabolites, especially mycotoxins produced by fungi (Metzler and
Mosenthin, 2007). A-Cid Aqua Acidifier is a collection of short-chain organic acids including citric acid
(15%), formic acid (15%), fumaric acid (10%), propionic acid (10%), lactic acid (5%), acetic acid (5%),
and vermiculite (40%) as a carrier, which has properties such as improving digestive tract activity,
strengthening the immune system, and reducing feed conversion ratio (FCR). A unique feature of this
compound is the presence of fumaric acid, which increases feed intake by making it palatable, thereby
improving digestion and absorption. Fumaric acid has an antimicrobial effect due to its lipophilic nature
and high dissociation capacity (Martin-Dominguez et al., 2018). Given that this compound has not been
evaluated in sturgeon, the aim of the present study was to determine growth, blood parameters, immunity,
and digestive enzyme activity of great sturgeon fed different levels of dietary A-Cid Aqua.
Methodology

Initially, the adaptation of the great sturgeon juveniles to the experimental tanks, density, and common
commercial diet (Dibaqg, Segovia, Spain) of the station was carried out for one week. Then, 240 great
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sturgeon juveniles weighing 25.40+£3.91 g were randomly distributed into twelve 500-liter circular
fiberglass tanks at a density of 20 fish per tank in three replicates. All tanks were equipped with a central
aeration system. During the rearing period, the photoperiod was adjusted 14 h light and 10 h dark. Dietary
treatments included 0 (control), 1 (A-Cid-1), 2 (A-Cid-2), and 4 (A-Cid-4) g of A-Cid Aqua (Sepehr
Saman Fartak Additives Company, Mashhad, Iran) (Hadidi and Taati, 2016; Abdel-Tawwab et al., 2019;
Asgharzadeh and Taati, 2020; Zhang et al., 2022) per kg in the basal diet. According to the instruction as
suggested by Mohseni et al. (2021), the required amounts of acidifier were added to the basal diet for
homogenization. At the end of the feeding trial, juveniles underwent a 24-hour starvation period.
Subsequently, three fish from each treatment were randomly selected and blood was collected from the
caudal vein using a 2 mL heparinized syringe. Hematological indices such as hemoglobin (Hb), hematocrit
(Hct), red blood cells (RBC), white blood cells (WBC), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), and differential
leukocyte counts were measured as described by Klontz (1994). According to Ellis (1990), the
turbidimetric method was conducted to assay lysozyme. Plasma liver enzymes including aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) were determined by kinetic colorimetric
method and alkaline phosphatase (ALP) was measured via kinetic enzymatic method (Moss and
Henderson, 1999). Enzymatic kinetic colorimetric method was performed to specify the activities of
alpha-amylase, protease and lipase enzymes. All data were analyzed using SPSS software.

Results

Fish fed diets containing different levels of A-Cid Aqua revealed significant differences in final weight,
weight gain, weight gain, specific growth rate (SGR), condition factor, and FCR compared to the control
group. Final weight and weight gain in fish fed acidifier at the levels of 2 and 1g showed significant
differences (p<0.05) compared to the control and A-Cid-4. A significant improvement (p<0.05) was
obtained in FCR in A-Cid-2 group in comparison with those fed control and A-Cid-4 diets. In the final
length index, it was seen a statistically significant difference between the A-Cid-1 group with the control
and A-Cid-4. The highest value of SGR was achieved in the group that received 2g acidifier-added feed,
which showed a significant difference with those fed 4g A-Cid Aqua and control diet. Moreover, no
mortality occurred in the experimental groups during 60-day feeding trial. RBC count and the values of
Hb and Hct recorded a similar trend, such that groups fed 2 and 4g A-Cid Aqua indicated a significant
increase (p<0.05) compared to other groups, respectively. The number of white blood cells showed a
significantly higher value in A-Cid-2 group than the other groups (p<0.05), while the lowest number was
observed in fish fed A-Cid-4. Statistical analysis revealed no significant variations in MCH, MCHC,
monocytes, and eosinophils. The number of lymphocytes increased (p<0.05) in all treated groups. Liver
enzymes in the control group were significantly (p<0.05) lower than those fed acidified diets. In this
regard, AST and ALT in the A-Cid-2 group recorded the highest (p<0.05) values compared to control fish
and the A-Cid-1 group. The immune system was boosted. An increase in lysozyme activity was apparent
in fish exposed to A-Cid Aqua levels but only the A-Cid-2 group showed a significant difference with the
control (p<0.05). The A-Cid-2 group had the highest value (p<0.05). In addition, IgM levels markedly
(p<0.05) elevated in the acidifier-fed groups. The highest [gM values were reported in A-Cid-2 and A-
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Cid-4 groups as compared with those fed the control diet and 1g A-Cid Aqua (p<0.05). The activity of all
three digestive enzymes in fish fed all levels of acidifier was higher than the control. There was no
significant difference between fish fed the three levels of A-Cid Aqua from viewpoint of Alpha-amylase
enzyme activity, but the levels of this enzyme in the control population decreased significantly (p<0.05).
The highest (p<0.05) amount of lipase enzyme activity was found in the A-Cid-2 group. In addition, the
protease enzyme activity elevated in all supplemented groups (p<0.05), and those fed 2g A-Cid Aqua
indicated the highest value.

Discussion and conclusion

Aquaculture feed enriched with acidifiers improves palatability and physical quality, such as durability
and stability in water, and can increase feed efficiency in the host. After a 60-day feeding period, the
results clearly indicate that supplementation of diets with the acidifier A-Cid Aqua improved the growth,
weight gain and feeding efficiency, such as reducing the FCR in great sturgeon. According to the obtained
data, suitable condition was achieved in blood parameters, immunity such as lysozyme activity, IgM, and
digestive enzyme activity. The beneficial effects of organic acids including enhancing growth
performance, improving blood and biochemical parameters, and enhancing immune responses, have been
proven in tiger fish (Astronotus ocellatus) (Hadidi and Taati, 2016), common carp (Cyprinus carpio)
(Asgharzadeh and Taati, 2020), rainbow trout (Oncorhynchus mykiss) (Mohammadi et al., 2020),
yellowfin seabream (Acanthopagrus latus) (Badzohre et al., 2020), Siberian sturgeon (Acipenser baerii)
(Falahatkar et al., 2020; Kazemi et al., 2023; Ashourpour et al., 2026), Sterlet sturgeon (Acipenser
ruthenus) (Kakavand et al., 2021), and great sturgeon (Huso huso) (Panahi Sahebi et al., 2023).
Nevertheless, because of the different results in liver enzymes compared to other parameters examined,
this section requires a detailed and complementary study in the future to determine all its dimensions.
Consequently, due to the undeniable role of A-Cid Aqua on growth, physiological factors and digestive
enzymes, it is recommended to utilize this compound at the level of 2 g in great sturgeon diet as the main
cultivated sturgeon species. Future research should focus on extracting organic acids from specific plants,
developing food encapsulation technologies to increase stability in water, and inventing environmentally
friendly organic acids-based feed formulation to increase mineral uptake, especially phosphorus, and
prevent its excretion to realize organic and sustainable aquaculture.
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Table 1: Effect of different levels of dietary A-Cid Aqua on growth performance of great sturgeon during 60 days
(Mean = SD; n=3)

Dietary A-Cid Aqua Levels (g/kg)

Parameters

0 1 2 4
IW (g) 24.45+3.47 25.37+4.98 25.87+3.56 25.60+3.58
FW (g) 79.20+2.70° 91.50£0.75 98.57+4.67¢ 84.25+4.25
FL (cm) 27.97+0.27 28.92+0.40° 28.62+0.27b 28.12+0.35%
WG (g) 54.75+2.90° 66.120.37° 72.70+5.30 58.65+4.90°
BWI (%) 224.00+13.69° 260.6142.37% 281.40+27.28b 229.52424.97
SGR (% /day) 1.96:0.07 2.14+0.01% 2.23+0.12 1.98+0.12°
FCR 0.750.04¢ 0.64+0.005% 0.60-£0.06 0.73£0.08%
CF 0.3620.02° 0.38+0.01° 0.42+0.01° 0.37£0.005°
SR (%) 100 100 100 100

IW cadsl 59 FW ¢ Sls 59 FL ¢ oled Job ;WG toss oS 59 BWI ¢y 59 (ial33l ao 10 :SGR o059 0l ) &5
Q<12 0) Syls gl o me OS] Sglite By, b s, yo 0 b Sile 6,80k £, SR ¢ 3¢ o o :FCR
IW: Initial Weight; FW: Final Weight; FL: Final Length; WG: Weight Gain; BWI: Body Weight Increase; SGR: Specific

Growth Rate; FCR: Feed Conversion Ratio; CF: Condition Factor; SR: Survival Rate.
Means in the same row with different superscripts are significantly different (p<0.05).
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Table 2: Effect of different levels of dietary A-Cid Aqua on hematological and biochemical parameters of great

sturgeon during 60 days (Mean £ SD; n=3)

Parameters

Dietary A-Cid Aqua Levels (g/kg)

0 1 2 4
Hb (g/dL) 5.08+0.20* 4.88+0.122 5.75+0.220 5.58+0.26°
Het (%) 22.53+0.65? 21.60+0.80? 25.30+1.20° 24.60+0.95°
RBC (x10° /mm?®) 0.58+0.009* 0.56+0.012 0.67+0.02° 0.64+0.02°
WBC (x103 /mm?) 24.06+0.90? 24.00+1.30? 27.53+1.55° 23.00+1.207
MCV (fL) 383.33+4.50b 383.00+2.00° 373.33£3.512 384.00+2.00°
MCH (pg/cell) 85.80+1.90 86.73+0.55 84.9340.15 86.90+0.20
MCHC (g/dL) 22.36+0.22 22.62+0.26 22.75+0.19 22.62+0.18
Lymphocyte (%) 79.33+0.572 83.33+2.51° 86.33+1.520 85.00+1.73
Neutrophil (%) 16.00+1.00° 10.33+2.512 9.00+2.002 9.33+£0.57%
Monocyte (%) 4.00£1.00 5.33+0.57 5.33+1.54 5.00+1.00
Eosinophil (%) 0.66+0.57 0.33+0.57 0.66+0.57 0.00+0.00
AST (U/L) 158.00+11.002 197.33+12.50° 288.33+9.50¢ 283.00+2.00°
ALT (U/L) 13.93+1.85% 15.80+2.102 22.50+1.10° 20.2340.45°
ALP (U/L) 299.33+1.522 315.00+3.00* 346.33+18.50° 311.00+3.00*

36lawd G JSITALP 65l pansl 5 gicsl 53T ALT ¢l yansl giel bl :AST ¢ Johoo (poglSgon cdalé Jawgio MCHC 50,3 JoulS gl gon
<12 0) 35,1 g el o sme B wiglie g > b iy s 50 o Silo
Hb: Hemoglobin; Het: Hematocrit; RBC: Red Blood Cell; WBC: White Blood Cell; MCV: Mean Corpuscular Volume;
MCH: Mean Corpuscular Hemoglobin; MCHC: Mean Corpuscular Hemoglobin Concentration; AST: Aspartate

transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase. Means in the same row with different superscripts are
significantly different (p<0.05).
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Table 3: Effect of different levels of dietary A-Cid Aqua on immune responses of great sturgeon during 60 days (Mean

+ SD; n=3)
Parameters Dietary A-Cid Aqua Levels (g/kg)
0 1 2 4
Lysozyme (U/mL/min) 28.50+1.70? 30.50+3.00% 33.23+1.45° 31.80+0.902
Immunoglobulin M (IgM) (mg/dL) 40.56+1.022 45.10+1.40° 51.80+1.95¢ 50.83+0.75¢

DL 0) 355l (glel s ime IS Ciglite By, b sy yo 0 o Sile
Means in the same row with different superscripts are significantly different (p<0.05).
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Table 4: Effect of different levels of dietary A-Cid Aqua on digestive enzymes activities of great sturgeon during 60
days (Mean £ SD; n=3)

Dietary A-Cid Aqua Levels (g/kg)

Enzymes 0 I 5 a
a-amylase (U/L) 15.93+0.55% 21.23+0.45° 19.00+0.60° 18.63+2.55°
Lipase (U/L) 10.40+0.50° 11.23+0.552 17.93+0.45¢ 12.93+0.85°
Protease (U/L) 4.09+0.12° 5.08+0.20° 5.32+0.46° 4.73+0.39°

DL 0) 35,10 g5kl s e B Eiglie gy b s,y yo 0 o Siles
Means in the same row with different superscripts are significantly different (p<0.05).

sl 5V b S ol Lis ode slaazily Lo o
b o)y Sla ale wl; Glagasls Wlgioe S
Badzohreh et ) aaos <a5 )|, (Acanthopagrus latus)
S 5138 G pan s S legd ol alsil (al., 2020
he bt cupd 505 5e b 3 ole S 05
Omosowone ef ) =il als o o sl iol38l L
Gl 3l sy S b gesed Lozl ol (al., 2015
(S lags o 53l>) A-Cid Aqua oo gl a5
048 2l v 5 (2 sy Rl s
(Anguilla rostrata) ;lale,le ,o .cosl oals ale 3
NVOW) R UOS-RVOV) IS VI PYRR VO ) By DX O PR U IR PR e
«SSY sl SSgg Sl (S5 i apl (S
Lofg &5y £33 9 605 09 (S Sl 5 SIle dsl
S8l Gl S BB 5L a0 5 Y e 5o o558l
bS5 b ole ooy, pH ials .(Zhang et al., 2022)
s 53 Spdo Sl STy (Lol cle Wl oo sl
Slml mdy S ey wa) b 1S
AY

5 b iy doplisal booad e (bnl Sy
S Wlgie 5 aiin o o9 0l o |y (S kS
ouidd LSis 950sS  slaawl e alidl 1) lae
@IRlee o0 b (o9 25,38 (o5 5 slo plsan!
Reyshari ef al., ) oy pSlos a4 Ll 56 b oS
39,70 CbdS 5l e ol Gz ool b (2019
A-Cid  plgol b 18 ooy g5le sé i
435 2L g (s Gl a8 wls cwdlss Aqua
53 83 5 (pleed o1, (2l b oy )
455 45 asl o (Y+1#) Taati g Hadidi o ,e oyl
Ssis il sl £, A 3 T ooy Sl ol
okele o 213 had oo halS g ol sl o
Gt 0 oS 58 A mho Lol 4w
35 Joere y5.5 oo (Y- Y+) Taati g Asgharzadeh
re (2P0l g oy Wb 8 edd csS 09 SYL
OIS SEsinl coS 5 o8 A gl 0 lie bas



w5 el Ssa gladaial il o Slae

Ohlas 5 el

0z 0igS Oy sl b p B sawl 15 il ooy,
u,u\b)f U’““"‘)S‘ M;L) 039, 4 LQHT 99,9 9 [ESEEWN- (CI-C7)
OmslSsan yolie (Cherbut et al., 1997) 05 5 o (s>
5039 095 308 Sl sk Sl 4 atinly <o Seilen
slo STy jo oo Ol sy ailis Ll cdale jo il
(Klontz, 1994) ol lale S5eST 5L3 5 gl
pr> Gl 4 Glges | CuSeles wops I
Ll yim (s5lslsl g 5058 Sl JselS ol o550 dLowsdly
Benfey and Biron, ) ols L, ;L5 slacdl ;)
sdle » (Y+1#) Taati ¢ Hadidi asllae ;o (2000
£ A e o asb GlaedS slawi o SV (IS
ilesl 0 e S el e p g Sgmgn ladel
ladeal) p S AL odd 4085 (5590 525 Oleale caulina
SdselS 5 1, (s loline DS (Sa b 5 Seisman
Omslgen g Co Soilen polie g Jdgyigh b 3o
G+b (Asgharzadeh and Taati, 2020) aisls yLas
(omlSsen (Y-V+) o Kan 9 Mohammadi |35
4385 OleS eSS YIU3E 5008 sladselS 5 <o Syilen
4 S SG s el 5 Slo 860 s oS 5 Lo

R O P S S E PR ) LES PRV RS
05 aledly glas 3T 45 0t oanlice (il asllas o
ol & il mlil sl Gyas 5l ale b
30 S p 8 ewlincdl ldlae 4 Ll geoge
o5 o8 bom (il modle e aidl o ls sansT sla gy
S 2, glale 9 sesS e 5 sole s 18, (ol
copsl Ll (V) e 5 Cui Ll gl
el 2 608 o shos c9) cnl 3l el (g5l y0 23
b 531yt s3lule, el a5 5 s ook 25l 5 00l
Sbl (V%) o) Ken ¢ Bitiren .aisd o 95 50
Sl o 05 sslowdly (sla 5T Cellad T3l a8 sl
Lol ;5 (e 1315 3525 Dyl ol 4 el 5o
(555 oy b ol o sl gilaeST eyl
o] e g 0, rals (Y+18) oK 3 Romano
P (BRAe 5 Cajgims ;o PLST 59S0) aS
Sl g5 2l o> LS s Glods e

sl b Gaxe dlge (8,5 (Lul S (l8
W oy Gl s apnl SO Glgie 4 ol
G55 L g lom Slas ;S e 9 (2138 0yez )0 Hand
G e Jelse (ol ded oS wll side Glag SL w)
eale i Lo yd 5 0, slogasls sy
Elala and Ragaa, 2015; Kakavand et al.,) 55 5 o
b osg, Jlking! sladshe sl 551 omel (2021
1) 039, Cabyls Wlgi oo ylgapl b o sié (loo o
Sgup Ay yzmie a5 A0 iulidl sdse olge Ldx (ol
Ngetal.,)ss 5 oo plo oy sy 5 glsdns lonsl,
zshw «pl ds>9 L (2009; Liu et al., 2019
G Plawli jo 1) ) cudlgl mawsls 860
Oreochromis) LuM.s 45 150 3 (Kazemi et al., 2023)
Zhou et al., ) sisw seuqe (niloticus xO. aureus
cople Lo a4 wlge Lailie mls ol (2009
L R
1 e ople s il S s« JsSse
Ll po ()55 ol Sujglsnsed Dlio (ol oS 5
Sardar) wil of oleord 5 (Sd Sleogas 5 (59

et al., 2020
S JedS slaws jo (g)lo cme ili8l ol> asllas o
olie g 50,8 sl JodS olass g A-Cid-2 09,5 ;0 ouiuw
¥ zshe boad adss plale 0 2o Silen g (sl ge
b sy ol ol 0,5 el pligannl 0,5 ¥ 4
polas o)l Sladran anw) (pl o Sl ple mls
455 0,8 5 b (sla JoulS olaas 2y Sgilen ¢yl gon
Sl 05V ol liE 0px b oad @i Glals
Omosowone ef al., ) sg salis 09,5 51 SYL G legd
3 e s Sy i el 9 S0 e el 562015
dle 405 o590 5 (Labeo rohita) gpg, s3in 5.5
Clarias ) o35, (b a5 xSl 3l
aS ols e @macrocephalus x C. gariepinus
oo g Cu S gl ¢ yusglS gor 5 0lde wi,olE ‘_;‘—I o]
Baruah ) aues =5 )| gloassS s S 4 1) Camgige
slaxs yo ilsél (et al., 2007; Chow et al., 2017

2l slasesd S 5E 36 Wlsie 508 sladslS

AA



5 psee S5l s (satl Gial3H 3] 55 5)
lorsl alwsts (ane s (o o SVsb 5 pnalS
el (Aalamifar ef al., 2020) oS s 55 1, apl
Sloo sz aloses 055, Julinl clodsbe sl 3,
sl 1y ey, Cod )b Wl oo osisS ganml b oty o2
Oledily dgupy 4 e a5 doo iol38l (gdike dlge LA
cdls (Liu et al., 2019) 55 5 o lole jo slaydss
b 50 5hd 5 s Dol (L)) 5T 4w e
G sixe &yso 4 A-Cid Aqua b ool 4,055 \Lale
el S3b @sl b callas (o 06 aall 51 YL

ohale o GlSY rdS 5 S peignl lodies
SlaS 5 onl &5 Cosl b (pl oias)Lad 508 00y 550
5 Sl amdie (3155 Sl collad wijols
@tz P BB S ) ab) 0 Shee g asns (il 009,

s sl o (Castillo ef al., 2014) acisu sgup
Sl [, Pheol g 5l 6LQMJ'.$] Codled iulislay il
Badzohreh et al., ) G g ol b oo 40355 albs 5
L) LDl og e o 59 T codled i 5 2020
Jedi Mostafalou et al., ) al S 4 (et al., 2009
SO 9SGy duml b oddandis i ey (2021
lagy] oeSoi 5 T clodmsl ol o0y 0yl wlo 3
ool s 55 wmjrie ind S @ (g p0ll gy
9IS S0 G S glie (5l ane )3 b wiiS o wal 8
5 Sl 51,5 il 452 50 (5351 9l Bl
b s L9l (sdke Sl 5l (B s Sl Sgnge
odaallysl g 055, (b 5 &508 (0)l5S oSt PH s
55 Sl i g s 9 WS o0 Sy,
aedgus Ol 31 oo 5l (Castillo et al., 2014) wgis o
w3y, iy slashe sbojl 4 plgice b plgay!
Cllad Rl e @ Ol RS S
555 0Ll il olEiass adss lej LialS 5 oaxellys)
(Sotoudeh et al., 2020)

A-Cid Lol N3850 26 cde 4 (ggomme o
ol 5 S5l b slaasls i ) » Aqua
I 0z 00 5 Y s )0 oS 5l Bran ( cB)lsS
oale cly9n 485 el Olype 4 ol kS

gll paboan T Olidiog .09 8 oo sloidun s bgl>
A4

Gt b ol jo .aingad (]38 caiogy ool a5 s
okale 0 ALP o 5T cudled jo (g lo sme tal38l «yol>
Wall 4 Cond el Sloyds0 Lol aydss ol il
wdleas (Kakavand et al., 2021) w5 )15
Slas we s )5 (Y E) o Kee 4 Castillo
Cellad Gl s 50,8 0y y0h ol (JT (slaal
Al el (Sen Gl 0005 S plewdly slap 5]
Db T laow! pubine pué

I el sl calé wons ploxil (glo w52 3ol
S el g s sben et SlasiSL 0, S o
il YL gleadale a5 Jleps sl s
S SL Curexr wilgioe 5 Wl Slinly S
4 .Busti et al., 2020) was pols |, cdbews 3
P M GdpdlSsisel 5 menY polis il (o) n
Gial33l A-Cid Aqua B saml b oot adis olele
A-Cid-2 04,5 1o il cpl as ol olis ()l sme
o obele o golasl sla ity og (n YL
<SHlie b Jlhgegr gl clad g u)s*-’i S 25
Bageral.,) sy oo 55 AZM 05150 (ed5aslS 5350
LT b L 6 nsl 4S5 sl 00y i cogdleds 2009
s Jshw ;0 a5 (GPR43) G s394 Jeato 005 05 &
b mignY culled wigd oo olo (el g (15 (ol s
L g .(Elala and Ragaa, 2015) aiisy oo dsuge
Olole ;3 IgM g 0595 Colled o i ol 5ihos
Ssere 5.5 5 (Hadid and Taati, 2016) .l
JoSo b ooy 45355 (Asgharzadeh and Taati, 2020)
oLea g Reyshari 0,8 odlel «Sigigl (goul
sl S by 0 8 (o yor 45 iz S e (V+19)
G e SaSVarul glag iSh ,uSS Lo 4 S b
Sdled) (ol lageals Sl g 03, 55ld9 See 3L
@bd b 5 (S S 9 GlekeeS poe (uuj9nY
Sigd o (Lates calcarifer) olw!

o 3T Colled oo b gdie olge s pmiypin Colils
Sl homins BB (3155 o8 jld 5 (5 D]
sl 5 JI slearw! (Yan and Qiu-Zhou, 2006)
Sl collad wiilys oo 009, PH (2ol 325k 51 il
e Slge ad AN anld g esy, Stdemyy



Ohlas 5 el

fed acidifier supplementation. Journal of
12(1):269-276.

DOI:10.22034/a¢j.2020.105344 (in Persian)
Ashourpour, A., Shamsaei Mehrjan, M.S.,

Animal  Environment,

Rajabi Islami, H., Shenavar Masouleh, A.
and Mohseni, M., 2026. Effect of sodium
diformate and potassium diformate in the diet
on some serum macro minerals, stomach pH,
and bacterial population in the feces of
Siberian sturgeon (Acipenser baerii, Brandt,
1869). Journal of Aquaculture Development,
19(4):60-75. DOI:10.71901/jad-2025-4-825
(in Persian)

Badzohreh, G., Zarei, S., Davoodi, R., Nafisi
Bahabadi, M., Salehi, F., Morshedi, V. and
Sotoudeh, E., 2020. Effects of different
levels of dietary butyric acid on some growth
performance, immunity and digestive
enzymes activity of yellowfin seabream
(Acanthopagrus latus Houttuyn, 1782).
Aquatic Animals Nutrition, 6(3):55-67.
DOI:10.22124/janb.2021.18938.1124  (in
Persian)

Bag, M.R., Makesh, M., Rajendran, K.V. and
Mukherjee, S.C., 2009. Characterization of
IgM of Indian major carps and their cross-
reactivity with anti-fish IgM antibodies. Fish
and Shellfish Immunology, 26:275-278.
DOI:10.1016/;.fs1.2008.11.009

Baruah, K., Sahu, N.P., Pal, A.K., Jain, K.K.,
Debnath, D. and Mukherjee, S.C., 2007.
Dietary microbial phytase and citric acid
synergistically enhances nutrient digestibility
and growth performance of Labeo rohita
(Hamilton) juveniles at sub-optimal protein
level. Aquaculture Research, 38:109-120.
DOI:10.1111/.1365-2109.2006.01624.x

UgueS sl y5lid anmgs (ol kS 51 JT slaas!
Ose¥ge 8 glal g O 5o (65l Gil8l (sl 138 (05
Sy Caylae b Bl 5 JI gloasul aly 5 ST)e5
&5 5l S5l g9 sand orgd (Gase Slse i Sl

w9l 35 paie il 5 Sl g9l i glp o

S0 g S

drngi g o it )5 L e eaige BT S
5 (e S5 ol st (sl o8l 5,5 ]
bsls hale Mol Slidiss grondl Ll s
iz Jolpe jo a5 (IS Glalewl Glidss ol
5 S5 Alewes Widges Guaclue Guizs ol gl 2l
80,5 o (ilo 08

&bo
Aalamifar, H., Soltanian, S., Vazirzadeh, A.,
Akhlaghi, M., Morshedi, V.,
Gholamhosseini, A. and Torfi
Mozanzadeh, M., 2020. Dietary butyric acid
improved growth, digestive enzyme activities
and humoral immune parameters in
Barramundi (Lates calcarifer). Aquaculture
Nutrition, 26(1):156—-164.
DOI:10.1111/anu.12977
Abdel-Tawwab, M., Khattaby, A.R.A. and
Monier, M.N., 2019. Dietary acidifiers blend
enhanced the production of Nile tilapia
(Oreochromis niloticus), striped mullet
(Mugil cephalus), and African catfish
(Clarias gariepinus) polycultured in earthen
ponds. Aquaculture International, 27:369—
379. DOI:10.1007/s10499-018-0329-0
Asgharzadeh, A. and Taati, R., 2020.
Evaluation of growth performance, some
hematological and immune parameters of

common carp (Cyprinus carpio) fingerlings

q.


https://dx.doi.org/10.22034/aej.2020.105344
https://dx.doi.org/10.22034/aej.2020.105344
https://doi.org/10.1016/j.fsi.2008.11.009
https://doi.org/10.1111/j.1365-2109.2006.01624.x

Benfey, T.G. and Biron, M., 2000. Acute stress

response in triploid rainbow trout
(Oncorhynchus mykiss) and book trout
(Salvelinus fontinalis). Aquaculture, 184:167-
176. DOI:10.1016/S0044-8486(99)00314-2

Bitiren, M., Karak, A.Z., Zerin, M., Aksoy, N.

and Musa, D., 2004. Effects of selenium on
histopathological and enzymatic changes in
experimental live injury of rats. Experimental
and Toxicologic Pathology, 56:59-64.
DOI:10.1016/j.etp.2004.05.001

Bronzi, P., Chebanov, M., Michaels, J.T.,

Wei, Q., Rosenthal, H. and Gessner, J.,
2019. Sturgeon meat and caviar production:
Global update 2017. Journal of Applied
Ichthyology, 35:257-266.

DOI:10.1111/jai.13870

Busti, S., Rossi, B., Volpe, E., Ciulli, S., Piva,

A., D’Amico, F., Soverini, M., Candela,
M., Gatta, P.P., Bonaldo, A., Grilli, E. and
Parma, L., 2020. Effects of dietary organic
acids and nature identical compounds on
growth, immune parameters and gut
microbiota of European sea bass. Scientific
Reports, 10(1):213-221.
DOI:10.1038/s41598-020-78441-9

Castillo, S., Rosales, M., Pohlenz, C. and

Gatlin, D.MLIII., 2014. Effects of organic
acids on growth performance and digestive
enzyme activities of juvenile red drum

Sciaenops ocellatus. Aquaculture, 433:6—12.
DOI:10.1016/j.aquac ulture.2014.05.038

Cherbut, C., Aube, A., Blottiere, H. and

Galmiche, J., 1997. Effect of short-chain
fatty acids on gastrointestinal motility.

Scandinavian Journal of Gastroenterology

Supplement, 222:58-61.
DOI:10.1080/00365521.1997.11720720

Chow, E.P.Y., Liong, K.H. and Schoeters, E.,

2017. Dietary encapsulated butyric Acid
(Butipearl™) and microemulsified
carotenoids (Quantum GLO™ Y) on the
growth, immune parameters and their
synergistic effect on pigmentation of hybrid
catfish (Clarias macrocephalus * Clarias
gariepinus). Fisheries and Aquaculture
Journal, 8:1-7. DOI:10.4172/2150-
3508.1000195

Ciulli, S., Volpe, E., Sirri, R., Tura, G.,

Errani, F., Zamperin, G., Toffan, A., Silvi,
M., Renzi, A., Abbadi, M. and Biasini, L.,
2020. Multifactorial causes of chronic
mortality in juvenile sturgeon (Huso huso).
Animals, 10:1866. DOI:10.3390/ani10101866

Cui, Y., Ye, Q., Wang, H., Li, Y., Yao, W,

and Qian, H., 2014. Hepatoprotective
potential of Aloe vera polysaccharides
against chronic alcohol-induced
hepatotoxicity in mice. Journal of the Science
of Food and Agriculture, 94:1764-1771.

DOI: 10.1002/jsfa.6489

Deng, D.F., Koshio, S., Yokoyama, S., Bai,

S.C., Shao, Q., Cui, Y., and Hung, S.S.,
2003. Effects of feeding rate on growth

performance of white sturgeon (Acipenser
transmontanus)  larvae.  Aquaculture,
217:589-598. DOI:10.1016/S0044-
8486(02)00461-1

Elala, N.M.A. and Ragaa, N.M., 2015.

Eubiotic effect of a dietary acidifier
(Potassium diformate) on the health status of

cultured Oreochromis niloticus. Journal of


https://doi.org/10.1016/S0044-8486(99)00314-2
https://doi.org/10.1016/j.etp.2004.05.001
https://doi.org/10.1111/jai.13870
https://doi.org/10.1038/s41598-020-78441-9
https://doi.org/10.1016/j.aquac%20ulture.2014.05.038
https://doi.org/10.1080/00365521.1997.11720720
https://doi.org/10.1002/jsfa.6489
https://doi.org/10.1016/S0044-8486(02)00461-1
https://doi.org/10.1016/S0044-8486(02)00461-1

Ohlas 5 el

Advanced Research, 6(4):621-629.
DOI:10.1016/j.jare.2014.02.008

Ellis, A.E., 1990. Lysozyme assays. In: Stolen,

J.S., Fletcher, D.P., Anderson, B.S. and Van
Muiswinkel, W.B. (eds.) Techniques in Fish
Immunology. SOS Publication, USA. pp
101-103.

Falahatkar, B., Asheri, S., Safarpour

Amlashi, A. and Ershad Langroudi, H.,
2018. Canola oil, as a good alternative
dietary lipid source in sturgeon: Effects on
growth, physiology and fatty acid profile in
Beluga sturgeon Huso huso L. Aquaculture
Nutrition, 24:1263-1273.
DOI:10.1111/anu.12664

Falahatkar, B., Alizade, H., Ouraji, H. and

Efatpanah, 1., 2020. Effect of dietary malic
acid on hematological, biochemical and
immunological indices of juvenile Siberian
sturgeon (Acipenser baerii Brandt, 1869).
Journal of Fisheries, 72(4):419-434.
DOI:10.22059/jfisheries.2020.297616.1138

(In Persian)

Hadidi, S. and Taati, R., 2016. Effect of

different levels of dietary Biotronic™ as
acidifier supplement on feed efficiency and
some hematological and immune parameters
of'tiger Oscar (Astronotus ocellatus). Iranian
Veterinary Journal, 12(3):32-41.
DOI:10.22055/1vj.2016.34438 (in Persian)

Hossain, M.A., Pandey, A. and Satoh, S.,

2007. Effect of organic acids on growth and
phosphorus utilization in red sea bream
Pagrus major. Fisheries Science, 73:1309-
1317. DOI:10.1111/j.1444-
2906.2007.01469.x

Hung, S.S.0., Lutes, P.B., Shqueir, A.A. and

Conte, F.S., 1993. Effect of feeding rate and
water temperature on growth of juvenile
white sturgeon (Acipenser transmontanus).
Aquaculture, 115:297-303.
DOI:10.1016/0044-8486(93)90144-N

Jedi Mostafalou, A., Hedayati Fard, M.,

Keshavarz Divkolaie. M. and
Mohamadyan, T., 2021. Comparative study
of different levels of sodium Di-formate
(NDF) and formic acidifiers on nutrition,
growth and activity of digestive enzymes in
beluga (Huso huso). Journal of Animal
Environment, 13(1):247-258.
DOI:10.22034/a¢j.2020.133636 (in Persian)

Kakavand, M., Hosseini Shekarabi, S.P.,

Shamsaie Mehrgan, M., and Islami, H.R.
2021. Potassium diformate in the diet of
sterlet sturgeon (Acipenser ruthenus):
Zootechnical performance, humoral and skin
mucosal immune responses, growth-related
gene expression and intestine morphology.
Aquaculture  Nutrition,  27:2392-2404.
DOI:10.1111/anu.13371

Kazemi, M., Mohammadian, T., Mesbah, M.,

Basir, Z., Khosravi, M. and Tabandeh,
M.R., 2023. Effects of different levels of
sodium diformate on serum biochemical
parameters in juvenile Siberian sturgeon
Acipenser  baerii. Journal of Animal
Environment, 15(3):77-84.
DOI:10.22034/AEJ.2022.362421.2886 (in

Persian)

Klontz, G.W., 1994. Fish hematology. In:

Stolen, J.S., Fletcher, T.C., Rowley, A.F.,
Kelikoff, T.C., Kaatari, S.L. and Smith, S.A.

ay


https://doi.org/10.1016/j.jare.2014.02.008
https://doi.org/10.1111/anu.12664
https://dx.doi.org/10.22055/ivj.2016.34438
https://dx.doi.org/10.22055/ivj.2016.34438
https://doi.org/10.1016/0044-8486(93)90144-N
https://doi.org/10.1111/anu.13371

(eds.) Techniques in fish immunology. Vol.3.
SOS Publications, Fair Haven, New Jersey,
USA. pp 121-132.

Li, J.S., Li, J.L. and Wu, T.T., 2009. Effects of

non-starch polysaccharides enzyme, phytase
and citric acid on activities of endogenous
digestive enzymes of tilapia (Oreochromis
niloticus X Oreochromis  aureus).
Aquaculture Nutrition, 15:415-420.
DOI:10.1111/3.1365-2095.2008.00606.x

Lin, Y.H., and Cheng, M.Y., 2017. Effects of

dietary organic acid supplementation on the
growth, nutrient digestibility and intestinal
histology of the giant grouper Epinephelus
lanceolatus fed a diet with soybean meal.
Aquaculture, 469:106-111.
DOI:10.1016/j.aquaculture.2016.11.032

Liu, Y., Chen, Z., Dai, J., Yang, P., Xu, W.,

Ai, Q., Zhang, W., Zhang, Y., Zhang, Y.
and Mai, K., 2019. Sodium butyrate
supplementation in high-soybean meal diets
for turbot (Scophthalmus maximus L.):
effects on inflammatory status, mucosal
barriers and microbiota in the intestine. Fish
and  Shellfish  Immunology, 88:65-75.
DOI:10.1016/].s1.2019.02.064

Martin-Dominguez, V., Estevez, J.,

Ojembarrena, F.D.B., Santos, V. E. and
Ladero, M., 2018. Fumaric acid production:
A Dbiorefinery perspective. Fermentation,
4(2):33. DOI:10.3390/fermentation4020033

Metzler, B. and Mosenthin, R., 2007. Effects

of organic acids on growth performance and
nutrient digestibility in pigs. In: Luckstadt, C.
(ed.) Acidifiers in animal nutrition- A guide

for feed preservation and acidification to

promote animal performance. Nottingham

University Press, Nottingham. UK. pp.39-54.

Mohammadi, M.J., Rajabzadeh Ghatrami,

E., Soltani, M., Ghaedi, A. and Alishahi,
M., 2020. Effects of sodium diformate and
citric acid on growth performance, immune
and hematological parameters of the juvenile
Oncorhynchus mykiss. Iranian Scientific
Fisheries Journal, 29(1):117-129.
DOI:10.22092/1SFJ.2019.120536 (in Persian)

Mohseni, M., Amirkhani, A., Seyed Hassani,

M.H. and Pourali, H.R., 2014. Effect of
different dietary protein and energy levels on
growth of juvenile Beluga (Huso huso).

Iranian  Scientific ~ Fisheries  Journal,
22(4):107-118. (in Persian)

Mohseni, M., Seyed Hassani, M., Pourali, H.,

Kazemi, R. and Hallajan, A., 2018. Effect
of different levels of choline on growth
factors, carcass  compositions, and
haematological-biochemical parameters in
juvenile Huso huso. Journal of Fisheries
Science and Technology, 7(3):191-197. (in

Persian)

Mohseni, M., Hamidoghli, A. and Bai, S.C.,

2021. Organic and inorganic dietary zinc in
beluga sturgeon (Huso huso): Effects on
growth, hematology, tissue concentration and
oxidative capacity. Aquaculture, 539:736672.
DOI:10.1016/j.aquaculture.2021.736672

Moss, D.W. and Henderson, A.R., 1999.

Clinical enzymology. In: Burtis, C.A. and
Ashwood, E.R. (eds.) Tietz Textbook of
Clinical Chemistry. 3™ edn. W.B. Saunders
Company, Philadelphia, USA. pp 617-721.

Ng, W.K., Koh, C.B., Sudesh, K. and Siti-

Zahrah, A., 2009. Effects of dietary organic


https://doi.org/10.1111/j.1365-2095.2008.00606.x
https://doi.org/10.1016/j.aquaculture.2016.11.032
https://doi.org/10.1016/j.fsi.2019.02.064

Ohlas 5 el

acids on growth, nutrient digestibility and gut
microflora of red hybrid tilapia, Oreochromis
sp. and subsequent survival during a
challenge test with Streptococcus agalactiae.
Aquaculture Research, 40(13):1490-1500.
DOI:10.1111/.1365-2109.2009.02249

Ng, W.K. and Koh, C.B., 2017. The utilization

and mode of action of organic acids in the
feeds of cultured aquatic animals. Reviews in
Aquaculture, 9:342-368.

DOI:10.1111/raq.12141

Omosowone, O., Dada, A. and Adeparusi, E.,

2015. Effects of dietary supplementation of
fumaric acid on growth performance of
African catfish Clarias gariepinus and
Aeromonas sobria challenge. Croatian
Journal of Fisheries, 73:13-19.
DOI:10.14798/73.1.782

Panahi Sahebi, H., Oraji, H., Firouzbakhsh,

F. and Ghiasi, M., 2023. Effects of sodium
butyrate dietary supplement on some
haematological parameters, immunity and
intestinal microbiota and response to stocking
density stress of young beluga (Huso huso).
Journal of Utilization and Cultivation of
Aquatics, 11(4):95-107.
DOI:10.22069/japu.2022.20268.1670  (in

Persian)

Reyshari, A., Mohammadiazarm, H.,

Mohammadian, T. and Torfi Mozanzadeh,
M., 2019. Effects of sodium diformate on
growth performance, gut microflora,
digestive enzymes and innate immunological
parameters of Asian sea bass (Lates
calcarifer) juveniles. Aquaculture Nutrition,
25(5):1135-1144. DOI:10.1111/anu.12929

Romano, N., Simon, W., Ebrahimi, M., Fadel,

A.H., Chong, C.M. and Kamarudin, M.S.,
2016. Dietary sodium citrate improved
oxidative stability in red hybrid tilapia
(Oreochromis sp.) but reduced growth, health
status, intestinal short chain fatty acids and
induced liver damage. Aquaculture, 458:170—
176. DOI:10.1016/j.aquaculture.2016.03.014

Ruban, G., Khodorevskaya, R. and

Shatunovskii, M., 2019. Factors influencing
the natural reproduction decline in the beluga
(Huso huso), Russian sturgeon (Acipenser
gueldenstaedtii), and stellate sturgeon
(Acipenser stellatus) of the Volga—Caspian
basin: A review. Jowrnal of Applied
Ichthyology, 35:387-395.

DOI:10.1111/jai.13885

Sardar, P., Shamna, N. and Sahu, N.P., 2020.

Acidifiers in aquafeed as an alternate growth
promoter: A short review. Animal Nutrition
and Feed Technology, 20(2):353-366.
DOI:10.5958/0974-181X.2020.00032.3

Sotoudeh, E., Sangari, M., Bagheri, D.,

Morammazi, S. and Torfi Mozanzadeh,
M., 2020. Dietary organic acid salts mitigate
plant protein induced inflammatory response
and improve humoral immunity,
antioxidative status and digestive enzyme
activities in  yellowfin  seabream,

Acanthopagrus latus. Aquaculture Nutrition,

2:1669-1680. DOI:10.1111/anu.13112

Tian, L.X., Liu, Y.J., Yang, H.J. and Liang,

G.Y., 2012. Effects of different dietary wheat
starch levels on growth, feed efficiency and
digestibility in grass carp
(Ctenopharyngodon idella). Aquaculture

af


https://doi.org/10.1111/raq.12141
https://doi.org/10.1016/j.aquaculture.2016.03.014
https://doi.org/10.1111/anu.13112

International, 20:283-293.
DOI:10.1007/s10499-011-9456-6

Tran-Ngoc, K.T., Huynh, S.T., Sendio, J.,

Nguyen, T.H., Roem, A.J., Verreth, J.A.,
and Schrama, J.W., 2019. Environmental
conditions alter the effect of organic acid
salts on digestibility and intestinal
morphology in Nile tilapia (Oreochromis
niloticus). Aquaculture Nutrition, 25(1):134—
144. DOIL:10.1111/anu.12837

Yan, L. and Qiu-Zhou, X., 2006. Dietary

glutamine  supplementation  improves
structure and function of intestine of juvenile
Jian carp (Cyprinus  carpio  var.
Jian). Aquaculture, 256:389-394.
DOI:10.1016/j.aquaculture.2006.02.011

Zhang, M., Wu, X. and Zhai, S., 2022. Effect

of dietary compound acidifiers
supplementation on growth performance,
serum biochemical parameters, and body
composition of juvenile American eel
(Anguilla rostrata). Fishes, 7(4):203-213.
DOI:10.3390/fishes7040203

Zhou, Z., Liu, Y., He, S., Shi, P., Gao, X., Yao,

B. and Ringe, E., 2009. Effects of dietary
potassium diformate (KDF) on growth
performance, feed conversion and intestinal
bacterial community of hybrid tilapia
(Oreochromis niloticus x O. aureus).
Aquaculture, 291:89-94.
DOI:10.1016/j.aquaculture.2009.02.043

Zhu, Y., Qiu, X., Ding, Q., Duan, M. and

0

Wang, C., 2014. Combined effects of dietary
phytase and organic acid on growth and
phosphorus utilization of juvenile yellow

catfish Pelteobagrus fulvidraco. Aquaculture,

430:1-8.
DOI:10.1016/j.aquaculture.2014.03.023


https://doi.org/10.1111/anu.12837
https://doi.org/10.1016/j.aquaculture.2006.02.011
https://doi.org/10.3390/fishes7040203
https://doi.org/10.1016/j.aquaculture.2009.02.043
https://doi.org/10.1016/j.aquaculture.2014.03.023

