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Gaseous CO2 signal initiates growth of butyric-acid-producing Clostridium butyricum in both
pure culture and mixed cultures with Lactobacillus brevis.

Hakalehio E1. Hanninen ©.

# Author information

Abstract

Microbial strains produce numerous volatile substances in the anaerobic conditions of the human intestines. The availability of CO(2) is
known to be a prerequisite for bacterial growth in general. In expenments with anaerobic Lactobacillus brevis and Clostridium butyricurm
bacteria in the Portable Microbial Enrichment Unit (PMEU) it was shown that these strains interact; this interaction being mediated by CO(2)
emission. CO(2) promoted clostridial growth in pure cultures and mixed cultures with lactobacilli. The growth of C. butyricum in pure cultures
was much delayed or did not start at all without CO(2) from outside. Conversely, the onset of growth was provoked by a short (15 min) CO(2)
burst. In mixed cultures the presence of lactobacilli in equal numbers speeded up the onset of clostridial growth by 10 h. If C. butyricum
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Immunologic Effect of Probiotics
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Table 4  Effects of glutamine and Closiridinon butyricum on the antioxidant capacity of weanling piglets
mH BT A At ML HrE s E TR a4
ltems Weanling days CT GT CBT GCT
0 131063 £ 5.92
AL B s : . ; : a I .,
7 120,78 2, 14 133.94 +1.83 133. 50 £5. 95 135.89+2. 01
50D/ UsmL) " . 1
14 118725 1926 127. 79 +4. 01 119,22 +10.95 127, 89+2. 11
6.43 =0, 88
RER iR RiA ! . & T i .
2. 02 £0.81 T.42 £1.05 18.26 £3. 18 14.07 £2. 16
T-AOC/( UsmL} : i ;
14 11.71 +1. 78" 19.32 £3.39 15.83+£1.30 21.23 +1.40
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Full length article

Effect of dietary Clostridium butyricum on growth, intestine health @Cmsm
status and resistance to ammonia stress in Pacific white shrimp
Litopenaeus vannamei

Yafei Duan, Yue Zhang, Hongbiao Dong, Yun Wang, Xiaoting Zheng, Jiasong Zhang

Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture, South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510300, PR China
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Full length article

Sodium butyrate improved intestinal immune function associated @ N

with NF-kB and p38MAPK signalling pathways in young grass carp
(Ctenopharyngodon idella)

Li Tian = -i+ J{jan-[liu Zhou b, C, !1 Wei-Dan jiang d, Lu.' "r"ang Liu * b, © Pei Wu * b, o3

Jun Jiang ™, Shen_g-"r"gﬂ Kuang “, Ling Tang . Wu-Neng Tang ! Yong-An Zhang ,
Fei Xie ', Lin Feng *™©
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Table 3

HI R FH

Growth performance, intestinal growth, digestive enzymes activities, intestinal bacterial counts, intestinal SCFAs concentrations, and folds height in the proximal intestine (PI),
middle intestine (MI) and distal intestine (DI) of young grass carp (Ctenopharyngodon idella) fed diets containing 1000.0 mg kg~! powdery sodium butyrate (PSB) and graded
levels of microencapsulated sodium butyrate (MSB) (mg ke~ diet) for 60 days.

PSB (SB) MSB (SB)
1000.0.(590.3) 0.0 (contrall 500.00160.8) 1000.0.(326.8) 1500.0.0424.2) 2000.0.(503.8)
IBW" 256.78 + 0.69° 256.22 + 0.77° 256.78 + 0.96° 256.44 + 0.38° 256.11 + 0.96° 257.11 + 0.38°
i FBW" 688.00 + 9.17¢ 617.11 + 5.05° 781.56 + 6.71" 719.08 + 5.24° 661.48 + 8.84° 633.17 + 8.19"
J& PWG" 167.94 + 2.88¢ 140.85 + 1.26° 204.37 + 3.70 180.40 + 1.67¢ 158.28 + 2.66° 146.26 + 3.10°
SGR" 1.64 + 0.02¢ 1.46 + 0.01° 1.86 + 0.02f 1.72 + 0.01¢ 1.58 + 0.02¢ 1.50 + 0.02"
4 FI* 760.46 + 0.26 693.87 + 0.82° 837.48 + 427" 795.53 + 2.91° 746.06 + 0.81° 71420 + 1.13°
o0 FE® 56.71 + 1.10° 52.01 + 0.56* 62.66 + 0.64¢ 58.16 + 0.68¢ 54.34 + 1.09" 52.65 + 1.15%
He [ 61.34 + 4.18" 56.22 + 2.86° 65.22 + 3.67¢ 64.10 + 4.75% 6233 + 1.20™ 59.95 + 0.67"
w* 16.00 + 0.62° 11.98 + 0.98° 19.30 + 0.99° 17.53 + 1.11¢ 14.77 + 0.78" 12.73 £ 1.112
ISI® 2.36 4 0.24" 2.04 4+ 0.16° 2.54 + 0.20¢ 2.45 + 0.18 2.28 + 0.16° 2.06 + 0.19°
Trypsin® 1.43 + 0.06% 1.11 + 0.05* 1.36 + 0.04° 1.51 + 0.08¢ 1.25 + 0.05° 1.11 + 0.07°
Chymotrypsin® 1.38 + 0.09° 1.07 + 0.04° 1.41 + 0.12¢ 1.35 + 0.08 1.26 + 005" 1.09 = 0.06°
Lipase© 1278.82 + 155.65" 805.19 + 116.02* 1610.37 + 232.03¢ 1752.46 + 213.93¢ 1231.46 + 146.75" 757.82 + 146.75°
Amylase” 947.61 + 65.19° 761.19 + 41.29° 915.28 + 65.27> 1042.34 + 31.79¢ 866.46 + 47.25° 728.64 + 40.24°
Aeromonas 6.75 + 0.10 7.31 + 0.10° 6.21 + 0.36% 6.52 + 0.00° 6.62 + 0.137 6.64 + 0.36
. E. coli® 7.34 + 0.14% 7.97 + 0.02¢ 7.32 + 017 7.13 + 0.29° 7.45 + 0.30% 7.70 + 0.23"
ﬁ lactobacillus® 7.71 + 007" 6.83 + 0.14° 7.71 + 0.24" 7.95 + 0.23¢ 7.41 + 0.33° 7.37 + 0.19"
Acetate 226 + 0.15° 5.41 + 0.36" 3.07 + 0.20" 447 + 036" 4.81 + 043" 7.88 + 0.35°
SCFAs Propionate“ 0.39 + 0.01° 0.95 + 0.08° 0.41 + 0.04° 0.37 + 0.04° 0.67 + 0.03" 0.68 + 0.07°
0.94 + 0.06° 0.48 + 0.04° 0.99 + 0.03™ 1.06 + 0.06¢ 1.34 + 0.03¢ 1.47 + 0.03°

1052.60 + 17893
1169.48 + 149.10°
680.62 + 67.90°

996.77 + 150.91°
808.99 + 134.78°
534.00 + 77.55°

1164.39 + 93.00"
1050.48 + 101.94"
821.04 + 85.79¢

121293 + 127.18°
1061.28 + 119.19°
746.00 + 58.00°

1191.28 + 165.71%
1046.34 + 116.08
723.76 + 57.68"

1096.09 + 136.23%
1037.08 + 85.92"
693.66 + 48.93"
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Fig. 1. Effects of dietary SB supplementation (mg kg~ diet) on enteritis morbidity of young grass carp after infection of Aeromonas hydrophila. Values having different
letters are significantly different (P < 0.05).

Red and swollen

Control 1000.0 mg kg PSB 1000.0 mg kg' MSB

Fig. 2. Compared with control diet, PSB and optimal MSB supplementation alleviated enteritis symptom after challenged with A. hydrophila in young grass carp.
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Table 4
LZ and ACP activities (U mg~! protein), C3, C4 and IgM contents (mg g~! protein) in the PI, MI and DI of young grass carp fed diets containing 1000.0 mg kg~' PSB and graded

levels of MSB (mg kg~ 'diet).”

PSB (SB) MSB (SB)

1000.0 (590.3) 0.0 (control) 500.0 (160.8) 1000.0 (326.8) 1500.0 (424.2) 2000.0 (593.8)
PI
Lz 124.47 + 10.05% 91.42 + 6.89° 124.86 + 7.55 131.69 + 11.214 116.13 + 13.29% 105.33 + 16.73
ACP 313.78 + 21.85° 218.10 + 16.50° 317.81 + 29.11° 319.04 + 30.77¢ 309.66 + 28.96° 256.25 + 24.13°
3 23.20 + 0.84¢ 18.36 + 1.43° 2266 + 2.17% 24.04 + 1.23¢ 21134 191" 19.36 + 0.95%
C4 11.07 + 0.78¢ 5.98 + 0.51° 9.53 + 0.62¢ 11.51 + 1.08¢ 8.67 + 0.47° 6.66 + 0.58°
IgM 53.48 + 5.73% 45.78 + 3.79° 49.18 + 332% 54.14 + 3.40°¢ 55.06 + 5.96° 55.11 + 3.44°
Ml
Lz 127.36 + 8.33« 95.50 + 15.77° 129.11 + 6.65 136.87 + 9.61¢ 119.67 + 7.86™ 112.07 + 6.14"
ACP 350.98 + 25.96° 237.71 + 20.84° 389.67 + 21.26% 407.66 + 30.46¢ 337.02 + 15.28° 288.41 + 30.36"
C3 26.11 + 1.68° 21.82 + 1.07° 2593 + 1.79° 2851 + 2.30° 2527 + 1.78" 22.43 + 0.95°
C4 12.49 + 1.28° 8.77 + 0.79° 11.66 + 0.82" 14.95 + 1.35¢ 1233 + 1.22° 10.41 + 0.88°
1gM 65.23 + 647° 55.46 + 6.71° 58.10 + 3.24% 66.18 + 6.07° 64.23 + 4.86" 56.93 + 5.48°
DI
LZ 166.31 + 10.78¢ 95.87 + 11.83° 161.37 + 8.27¢ 170.53 + 5.99¢ 148.83 + 9.03¢ 120.57 + 13.04"
ACP 341.53 + 20.71% 246.46 + 29.05% 366.31 + 16.07° 412.23 + 24.50° 334.46 + 27.93° 300.68 + 20.39"
3 3532 + 131 27.08 + 1.36° 36.99 + 2.52° 4059 + 2.71¢ 33.17 + 2.29° 29.07 + 1.05°
c4 19.09 + 1.30¢ 11.81 + 1.68° 17.14 + 1.70° 21.08 + 1.22° 15.88 + 0.92° 13.55 + 0.97°
IgM 70.91 + 6,77 62.05 + 7.82% 64.74 + 6.423P¢ 73.04 + 4.79¢ 67.80 + 5.11> 59.63 + 6.30°

A Values are means + SD (n = 6), and different superscript in the same row are significantly different (P < 0.05). LZ, lysozyme; ACP, acid phosphatase; C3, complement 3; IgM,
immunoglobulin M.
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! Optimal 5B supplementation
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Fig. 7. General summary for the effect of 5B on immune function and its potential signalling pathways in the intestine of fish.
-§ », not through; —— INhibit; ee—————pe might through.






