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Abstract

Introduction: Organic acid salts, particularly potassium diformate (KDF) and sodium diformate (NDF),
have emerged as promising dietary additives in aquaculture due to their acidifying, antimicrobial, and
mineral-chelating properties. These compounds are known to lower gastric pH, inhibit the growth of
harmful bacteria, promote beneficial gut microbiota, and enhance nutrient absorption. This study aimed to
evaluate the effects of different levels of dietary KDF and NDF on some serum macrominerals, gastric
pH, and fecal bacterial population in Siberian sturgeon (Acipenser baerii).

Materials and methods: A total of 315 Siberian sturgeon with an average initial weight of 17.85 + 0.2
grams were distributed randomly in 21 fiberglass tanks and fed with seven experimental diets with tree
replications for eight weeks. Nutritional diets included the control group (without organic acid salt) and
groups with 1.5, 3, and 5 grams of sodium diformate or potassium diformate per kilogram of diet. At the
end of the trial, blood was collected to measure serum concentrations of sodium, potassium, calcium, and
phosphorus. Stomach pH was measured two hours after feed withdrawal, and fecal samples were analyzed
to determine the total viable count and lactic acid bacteria population using selective culture media.

Results and Discussion: The results showed that fish fed 5 g/kg of either sodium diformate or potassium
diformate exhibited a significant increase in serum concentrations of sodium, potassium, calcium, and
phosphorus compared to the control group (p<0.05). Moreover, the number of lactic acid bacteria in feces
was significantly higher in all treatment groups receiving sodium diformate or potassium diformate than in
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the control (p<0.05). In contrast, stomach pH measured two hours after feed withdrawal and the total
viable bacterial counts in feces exhibited a dose-dependent decrease in the treated groups compared to the
control (p<0.05). These findings suggest that dietary supplementation with KDF or NDF, particularly at
higher doses, enhances mineral absorption through reduced stomach pH and modulates intestinal
microbial communities by increasing beneficial lactic acid bacteria and reducing pathogenic bacteria.

Conclusion: These findings indicate that dietary supplementation with sodium diformate or potassium
diformate, particularly at 5 g/kg, can reduce stomach pH and enhance the absorption of macrominerals
into the bloodstream. Furthermore, the increased fecal lactic acid bacteria and decreased excretion of
harmful bacteria into the environment suggest that these organic acid salts may improve intestinal function
and promote the development of environmentally sustainable diets for Siberian sturgeon.

Keywords: Sodium diformate, Potassium diformate, Serum macrominerals, Fecal bacterial population,
Siberian sturgeon
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baerii in this study

Experimental diet

Ingredients Control Proximate analysis

Fishmeal' 465 Crude protein (CP) 46.49
Meat meal® 55 Crude lipid (CL) 13.41
Wheat gluten? 50 Crude fibre (CF) 1.02
Soybean meal* 150 Ash 8.4
Wheat flour 190 Moisture 7.11
Molasses 25 NFE® 235.7
Fish oil (Caspian Sea 40 Gross energy 20.32
sprat) (MJ/kg)’

Vitamin mixture’ 10 Phosphorus (P) 10.7
Mineral mixture’ 10

a-Cellulose 5

Potassium diformate® 0

Sodium diformate® 0

1- Fishmeal was obtained from Kilka (Clupeonella sp.) that includes 672.9 g/kg (CP), 200.2 g/kg (CL), and total volatile

nitrogen 15.7 mg/100 g (Gill Poodr Co., Bandar Anzali, Iran).

2- Cattle slaughter waste contains 483.9 g/kg (CP) and 119.8 g/kg (CL) (Gilehdam Caspian Co., Rasht, Iran).
3- Wheat gluten meal contains 826.8 g/kg (CP) and 17.2 g/kg (CL) (Sanat Afarin Sanyar Co., Esfehan, Iran).
4- Soybean meal contains 413.8 g/kg (CP) and 25.6 g/kg (CL) (Behpak Industrial Co., Mazandaran, Iran).

5- Vitamin and mineral mixture detailed by (Banavreh et al., 2019).

6- (ADDCON Nordic AS, Porsgrunn, Norway).

slijle OS5 4wy 3 (Wassef et al, 2017
d.l:.';r.a ijaﬂ la Jals o > > )}.Lw Ao ul:;‘.‘.v‘
ADDCON 5 ; Aquaform® KDF; C;H;04K)
Formi® 5 &b s — (Nordic AS, Porsgrunn,
(ADDCON Nordic 3 » NDF; C,H304Na)
G ows Qi)iit? Sloys oo AS, Porsgrunn,
Mol o8 wtle 055 2505 5 S8 550 lae o
ey 5 Slojins it b 5 Grege /¥ 51 S S
3 KIS b (8g) e Ldd bl Slejas

o)l e p> (83w ook
L) el o 65 (BT Sbesr 4 o
oSS 03 bt s n 08 PR E IUT
53 LAl 5l oK YoMy 5 oSt osle
b g3 i Il e o g (ST osle p S LS
X 5 0) B e b Ks aleT o i
Slejiss i b (KDF) Slojss ol 5 (1/0
KDFL5, (slapl L) o, o5 AS ;5 (NDF)
JSG (KDF3, KDF5, NDF1.5, NDF3, NDF5

Abu Elala and ) A8 Oldlas ulal 5 bajgs .ad
Ragaa, 2015; Mohammadian et al., 2023;


http://dx.doi.org/10.71901/jad-2025-4-825
https://aqudev.liau.ac.ir/article-1-825-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-825 |

\F'FQM}LCJLHo)ucrﬁbjjﬁdlmcé)}f;é}ﬁwjA.LJ&J

Seon (5558 DT 2 oo & o g e 505
o Oloa 3l oslizal b &5 smn Jgloen o 228
G VTN e Sose 4 (K
03 odd ) sad 5l s Sea Ve caalsl ys il
De oS Lo ol sl 6oy 1SS aw
Himedia MRS)Man, Rogosa and Sharp agar
« (L Himedia TSA) H8T L g ¢Sz 5 5 (dia
ol Gl S sl S eslll g o S
goide pdy S Slag STL S slaw 5 oSS
23 5L 53 sy 93 Sde 4 by Al iy
B (il 53 Lk 4SSl ol sl a3 PV (sles
Al g 05 2 Il 4 log CFU & ol 5 4,

(Yusefi et al., 2022) a5 3| S

Py S 509 5 bo
VP Ot la ale (g pooy9d aan A H e
4 Aot SIS a5l e i 1S kB sl
O ml/L) Ssue [ oslae b5 dos d3las b
S YK 5l eslizal b aslsl )3 s § 5 g
b oy s @l oo Gl a3 b 55 6 A
e Y sla syl 4 5 Al plnl CrR 5 o e
L g L, sl )3 s e 0 3L JUESH 6 A
ads V0 Dde g azds p Yo 5 L Sl Sle
53 e b g A8 o i e 5 3 8 55y Sl
S5l Cgr b s au ) e slals syl
358 eslial a5 dgrge (Gdee g
3 cr,,wlf ey (g hes .(Svobodova et al., 1991)
Fosd oBaws Sl eslial L opow 53 sgmse Liud
Loy (Emra AE-600 05 Col) andse

Ot wsa3T ) (pRaeST painis oS

55

b ety e OT Solg yo s SLS1 0T & o
b bgliee aids Yo Ot 4 5 b 6Ll b glin
Hosseini Shekarabi ef ) LT s 4 Cdw o
NS e S s m bus s dal, 2021
Y-¥ s L Sl glaaiy 4 (01,0 Ol g EC-1
b el FA Sl p la atdy ol s e e
b s ¢S 5T len s 315 ole amys ¥
bods eSis (gladnt ) o oy Vo 4 b
Lo o3Il b gk b ains § oSl g5 5 s
a5 F glos s eslitnl Gl by LT oty ol.«gi

W) L;)\,\@é el gl gus 4wy > slfdﬁu

ouxo PH (g 35 031001
3o Sl 53 5 s epss @i Al w
25l ol aw labe glie sdey 2l o
ST &Ssemn [ 39y o Sl i 533 b s Ao 1SS
odns PH .2 5L 5 axils 5 T 5 odee il 25
g PH) Jesus e pH S ) o3zl | Lot
(Hanna o\ T &8 6 Sl HI 2211 (g0,

Abu Elala and Ragaa, ) A& ..« Instruments
2015

EPM (2L Cumer
gt S gad (ol ()15 28 gad 5SS S5 4
34 sl par O 5 Sanl S 4 03U
5l sl 0,506 (5 e 00 il Sladly) 4
sl 3 TVO) pdy G s SL S slaw
55 01 13 305 (LAB) ¢SS ol slas ST,
545 05y g e 4igal a (Koh et al., 2016) 5 52

65 V) Ji sl (0.9% NaCl) (S35 58 o 3


http://dx.doi.org/10.71901/jad-2025-4-825
https://aqudev.liau.ac.ir/article-1-825-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-825 |

14

Sg 0 )JQ g/kg cb» BERSTERY dals ojjf‘)'l
deod (b6 SL sl (WS s (Y SE) (<e/40)
JoKo slasles 53 § ke 53 3 2 30 (LAB) oSSy
IRl Sleyas ety b Sleyas e b oedd
(p<'/'a) bl Jdals )L@:J 4 C..:..«.u 6)‘)6;’.&
Gloles 53 Il op i S S 5 oF JSK2)
&o NDF5 (#/AY & +/+4) 5 KDF3 (#/aV £ +/+A)
sl
Py 39 39 g0 S jung 5 Lo

o Tsbe polie (G ) slaadl bl
ﬂbu.a L o 4.:.-\:5 Lgl.baj; BE) m.wl.‘.‘{ 9 VJ"M
Lls Ol s ) dall ajjfcu'g.._.....}b Sold sme
BE Lé}«.a:-) CJLA_,QJ V-:‘Mt-"’ L’ ol 41.\:5 6\#)\.&.;
Tl SRl i S Jl s b Ol dals
sdalie NDF5 5 KDF5 cleas 5 s Ry
Sl jiss b DS ol Ly 0gdle (p<e/20) i
038 5305y 4 Wl o 8 4 T o 43 3z s
Gl oS 8 J= 5 (p<+/+d) A& NDF5
o oy BB Il 4 i L Sl el
4 S KDFS 5 KDF3 (slaog & )5 jaud oo ,m
Cole 53> SHIP 5 <e/00) s S el o S

(Y Jsder) (01140 355 515 (e ST (g0

...fﬁé))aj_\?;:bfb_zm.»t;q};)bji.:bv{.kwﬁ?u

odijle CS b WS aseis b STy, elel s
38 ol

Sobol Jubodi 9 4 205
O (ke £ 5,1t Ol mail) ol s il
5 Shapiro-Wilk ¢ 5037 L baesls 05 Jbe 5 i 031>
s gy Levene 05T b Lewilyls 035 Ko
Sl ds Gyl o oS0le amlie 55k o
(One-way ANOVA) 4 LS, uibyls 56T 0 05T
odalive (6 LT I3 gme sl 48 Slaj . oslinal
b omlT bl oSl awlie S 3
A7 Olueb! mlaw 5> Duncan 05T KoY
S SPSS 26 13l g I s eslizul (p<+/+0)
) g Excel Yoye 1o besls Jod 5 452

Al oslanl La yls 4ol

el
ouxe pH

el s Slsks wde b foSe L wds
el 95 odae PH Hls gme a8 4 2ete Sbo o
S(p<'/'0)~u~4ﬁua}}f@¢?@ll&—&j|@
(F/FF £ /01 ) sloos S 53 os &b Oljpe o aS

(V JK2) 55 KDF5 (F/6V £ +/+Y ) 5 NDF5

LR L Jr
e boedd wdsd (G Alenl gt 3

oS 5 B b Sk ey b Sk


http://dx.doi.org/10.71901/jad-2025-4-825
https://aqudev.liau.ac.ir/article-1-825-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.7190V/jad-2025-4-825 ]

\f'fQl:‘m)'c(sjlg,z-cjwcrijjdbcdjjﬁdﬁijqfﬁ [2N

Two hours after feed withdrawal

1

KDF1.5 KDF3 KDF5 NDF1.5 NDEF3 NDEF5
Dietary treatments

~
|

Stomach pH
M w

[EEY
|

09 9 b 3 el (Dlo o> oo Calides ol glao o Lodld 4 dss (6 e Olabenwl 3 108 b 31 da el ¥ odme PH 2N =
d 23 ey 23 = C Bl 4 e Ob d p
Al PR70) (@ WT s ime oMl (glls osline 6K S Cos o b pslie azin A Soke 4 IT el 60

Figure 1: Stomach pH two hours after feed withdrawal in Siberian sturgeon fed diets containing different levels
of sodium diformate, potassium diformate, and the control diet (without organic acid salt) for 8 weeks. Values
with different lowercase letters indicate statistically significant differences (p<0.05).
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Figure 2: Total viable bacterial count in the feces of Siberian sturgeon fed diets containing different levels of
sodium diformate, potassium diformate, and the control diet at the end of the 8-week trial. Values with different
lowercase letters indicate statistically significant differences (P<0.05).
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Figure 3: Lactic acid bacteria (LAB) count in the feces of Siberian sturgeon fed diets containing different levels
of sodium diformate, potassium diformate, and the control diet at the end of the 8-week trial. Values with different
lowercase letters indicate statistically significant differences (p<0.05).
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Table 2: Serum concentrations of sodium, potassium, calcium, and phosphorus in Siberian sturgeon fed diets
containing different levels of sodium diformate, potassium diformate, and the control diet at the end of the 8-
week trial. Values with different lowercase letters indicate statistically significant differences (p<0.05).
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