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Introduction: Using antibiotics to combat microbes and as a growth-enhancing
tool in aquaculture is a common trend. However, scientific knowledge and
public concerns about the development of antibiotic resistance have led to a
global reduction or prohibition of these compounds. Probiotics and organic acids
are potential alternative compounds to antibiotics in aquaculture. Numerous
studies have been conducted on using organic acids in poultry and livestock
diets. However, there is limited information regarding the employment of these
compounds in fish nutrition. Nowadays, various probiotics are used as dietary
supplements in the aquaculture industry. However, combining organic acids and
probiotics is a new idea that has not yet been studied.

Materials and Methods: In this experiment, the effects of butyric acid and
probiotic supplements (Protexin) and their combination on the growth
performance, body composition, intestinal microbiota, and immune responses
(lysozyme and complement) in juvenile Siberian sturgeon (Acipenser baerii)
were investigated. Therefore, 120 healthy fish with an average body weight of
54.85 + 0.36 g were randomly divided into four experimental groups in three
replications. The fish were fed with four diets as follows: control diet (Cu,
without supplementation), diet containing 2% butyric acid (T2), diet containing
a combination of 2% butyric acid and 0.01% protoxin (T3) and diet containing
0.01% protoxin (T4). The fish were fed three times a day until satiation for 9
weeks.

Results and Discussion: The results showed that T2 and T4 improved the growth
indices of Siberian sturgeon (p < 0.05). In control and T2, the body fat contents
decreased. The protein level significantly upraised in T2 (P<0.05). Adding
organic acid to the fish diet dropped pH and elevated intestinal lactic acid
bacteria (P<0.05). Lysozyme and complement increased in T2 and T3 (P<0.05).
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Conclusion: In general, the results of this study showed that butyric acid alone
had a positive effect on growth, intestinal microbiota, increasing lactic acid
bacteria, and the immunity of Siberian sturgeon. Although its combination with
protoxin was ineffective on the increasing growth, however, it improved the
intestine-beneficial bacteria and fish immunity.
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Table 1 Composition and proximate analysis of experimental diets (g/kg)

D1 D2 D3 D4
Fish meal 370 370 370 370
Soybean meal 320 320 320 320
Wheat flour 160 160 160 160
Fish oil 28.6 28.6 28.6 28.6
Soybean oil 28.6 28.6 28.6 28.6
Lecithin 5 5 5 5
Mono calcium phosphate 5 5 5 5
Mineral premix 20 20 20 20
Vitamin premix 20 20 20 20
Antifungal 2.5 25 2.5 25
Antioxidant 0.3 0.3 0.3 0.3
Filler 30 10 9.9 29.9
Butyric acid 0 20 20 0
Protexin 0 0 0.1 0.1
Binder 10 10 10 10
Proximate composition (% dry matter)
Protein 43.60 43.33 43.53 43.49
Lipid 11.7 11.65 11.72 11.85
Ash 13.93 14.03 14.13 13.85
Moisture 1.77 7.95 7.91 7.84
NFE 22.93 22.81 22.94 22.97
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Table 2 Growth performance and survival of Siberian sturgeon fed diets supplemented with butyric
acid and Protexin probiotic after 9 weeks

T. T, Ts Ts
Initial weight @) 55.39 + 0.20 54.79 + 0.51 54.29 + 0.47 54.43 + 0.63
Final weight (@) 102.01 + 1.26° 160.60 + 14.74*°  100.57 + 3.64° 119.57 + 3.7°
Weight gain (%) 84.16 + 2.01° 193.11 + 6.80° 85.25 + 2.22° 119.68 + 3.02°
SGR (%/day) 1.12 £ 0.01° 1.56 + 0.08? 1.09 + 0.03° 1.26 + 0.02°
CF 0.27 +0.01 0.28 +0.0 0.26 +0.0 0.28 +0.0
FCR 2.37 £ 0.14° 1.64 + 0.04° 1.99 + 0.06° 2.23 +0.06°
Survival %) 100.0 + 0.0 100.0 + 0.0 100.0 + 0.0 100.0 +0.0

P<100) cunl islosl slaloss s lo me BB 025 oimaylid Sglite g b e,y yo 50 (o lasliwl glas £ . Silw) slacl
The numbers (mean + SE) in each row with different letters indicate a significant difference between the
experimental treatments (P<0.05).

OmnST gy Suigmigy § S yaigr ol boowd (il (P8 (oo b ond 48T (G s (Blowwli s coS 5 ¥ Jgu
aan Q51 g (SKas oolo o 30 s )

Table 3 Body composition of Siberian sturgeon fed diets supplemented with butyric acid and Protexin
probiotic (% of dry matter) after 9 weeks

T T Ts Ta
Protein (%) 61.26 + 0.08° 73.16 £0.7° 67.66+2.14°  57.66+0.24°
Lipid (%) 4.18 +0.19" 3.01+£0.12° 593+0.14*  6.08+0.11°
Ash (%) 5.28 + 0.09° 6.63 + 0.22 595+0.24°  6.30 +0.16%
Moisture (%) 68.00 + 1.15° 77.33 + 0.88° 73.33+0.88°  67.00%0.73°

P<A10) el ool slajloss o cime NS 5925 oaims )l Sglicte Bgy b cns,y ,o 40 (0 lasiliwl gllas + - Silw) slael
The numbers (mean + SE) in each row with different letters indicate a significant difference between the
experimental treatments (P<0.05).
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Table 4 pH level and total bacteria and lactic acid bacteria in the intestine of Siberian sturgeon fed
diets supplemented with butyric acid and Protexin probiotic after 9 weeks

T: T, Ts T,
pH diet) 5.64 + 0.01° 5.21 +0.01° 5.21 +0.01° 5.63 + 0.02°
pH (intestine) 7.65 +0.03? 7.31 +0.06° 7.25 +0.06° 7.44 +0.08"
Total bacteria (og CFU/g) 9.30 +0.03% 9.55 + 2.90? 9.46 + 3.112 7.51 +2.16°
LAB dog CFU/g) 5.71+1.33 6.66 + 1.87° 6.50 + 1.45° 5.99 + 0.431°

P<e1e0) el ‘s.i;;iLoﬂ S los crm lo sine M| 3925 oaimslis Sglate By, b sy 0 (o lasbinl glas + . S5k) slael]
The numbers (mean + SE) in each row with different letters indicate a significant difference between the
experimental treatments (P<0.05).
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Table 5 Immune responses of Siberian sturgeon fed diets supplemented with butyric acid and
Protexin probiotics after 9 weeks

D1 D2 D3 D4
28.16 +1.58" 39.50 +0.28% 4253+207° 29.33+1.01°
12850 +3.6° 137.16 +1.4°> 1445+4.44* 129.66 + 1.58°
(P<100) cunl imlosl slaloss s ylo me WS 925 oimaylid glitte g > b ey jo 50 (o lasliwl glas - Sils) slael
The numbers (mean + SE) in each row with different letters indicate a significant difference between the
experimental treatments (P<0.05).
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