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Tab.1 Dietary fibers (DFs) content in plant feed

ingredients and seaweeds %
JEEH EE(TH) pai
feedstuff content (dry matter) reference

EH1  soybean meal 36.7 [34]
FEEHE  extruded soybean residue  63.0 [35]
Tk cottenseed meal 72.55 [36]
3K rapeseed meal 37.9 (34.7~42.4) [37]
1AM peanut meal 40.4 [38]
TEJFRAFT  linseed 36.4 [39]
VEFRFFHT  linseed meal 50.6 [39]
/N wheat 8.3~12.1 [40]
%% wheat bran 35~50 [41]
HKF  naked barley 26.0~32.8 16
#F  Chenopodium quinoa 6~14 [42]
E  oat 5.7~25.0 [43]
JRZE  barley 183 [44]
MifiEAHE  defatted rice bran 375 [45]
K rice bran 28.0 [46]
AP defatted rice bran 61.7 [46]
FXK  com 9.5 [47]
TOKIM ;i corn gluten 44 [48]
FKF corn bran 65.4 [49]
FISEH beet pulp 66.8 [44]
W Ascophyllum nodosum 42.6 [50]
MBS Durvillaea potatorum 67.9 [51]
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(Oreochromis niloticus)*” . i (Mugil liza)* . %R
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Tab.2 Positive effects of dietary fibers (DFs) on the growth and physiology of aquatic animals

L/L DFsfp 2 IRIE/% BN SCHR

species type of DFs dosage effects reference
UL Oncorhynchus mykiss TS R LT 4 1 PR ] [57]
W% O. mykiss PRI 0.5~2.0 K, Rmhkl [58]
i Cyprinus carpio E S i 0.5~2.0 SRR 7T RN B S [59]
ith  Ctenopharyngodon idella NEMAER 2 44 PRI, BRI 7 36 i R [60]
KBS Micropterus salmoides KT 4 4.07 VD IR RS, Ik S A B [61]
LLENHKENY  Cherax quadricarinatus KB RIKE 0.5 TR, S (RS [62]
JUENIEEXTER  Litopenaeus vannamei CEIER i 0.3~0.6 PR, SR mPUR AR PRE i 52 7 [63]
JUBEXTER L. vannamei Espit 0.25~0.50  IRFABEMMREEE, BRI BRLE AR 2R IRAT [64]
JUABEXEF L. vannamei £ 0.4 TR, BRI AE AR R i i 52 [65]
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Fig. 1 Gradual differentiation of gut microbiota structure between P. fulvidraco fed on
control diet (CON) and 30% pectin diet (PEC)

()24, (b) 74, (c) 14 d, (d) 28 d, (e) 56 d.
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Plate [

Visible symptoms caused by high dietary fiber load in fish

1. hemorrhagia in P. fulvidraco; 2. green liver (arrow) and enlarged gallbladder in P. fulvidraco; 3. white liver and dark green bile (arrow) in P.
fulvidraco; 4. hemorrhagia in M. salmoides; 5. rotten body in largemouth bass M. salmoides; 6. bleeding, darkened bile color, abdominal swelling (flatu-

lence) in M. salmoides, white arrow indicating the gallbladder; 7. ectopia cloacae in the P. fulvidraco; 8. obviously hemolyzed after 7 days of feeding in

P. fulvidraco; 9. white feces in C. idella.
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Plate 1]

Pathological changes in the liver and intestines of P. fulvidraco caused by 30% pectin in diet

al. oil red stained liver tissues slice of control group; a2. oil red stained liver tissues slice of 30% pectin group, red signal indicating fat; bl. Masson

stained liver tissues slice of control group; b2. Masson stained liver tissues slice of 30% pectin group, blue signal indicating fibrosis; c1. H.E stained gut

tissues slice of control group; c2. H.E stained gut tissues slice of 30% pectin group, showing atrophy of intestinal villus and shedding of epithelial cells.
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Fig.2 Potential mechanism of dietary fibers (DFs) inducing non-infectious inflammatory diseases in fish

BAs. bile acid, FXR. farnesol X receptor, SCFAs. short chain fatty acids.
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Tab.3 Pathological changes in organs such as the liver, gallbladder, and intestine associated with hemorrhagic disease in fish
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Pathogenic effects of excessive intake of dietary fiber on fish and its mechanisms

CAI Chunfang ", REN Shengjie ', WAN Jinjuan’®, YAO Shibin ',
WU Ping'!, CAO Xiamin', YE Yuantu'

(1. Key Laboratory of Aquatic Animal Nutrition of Jiangsu, School of Biology & Basic Medical Sciences,
Soochow University, Suzhou 215123, China;
2. Jiangsu Modern Agriculture (Bulk Fish) Industry Technology System,
Freshwater Fisheries Research Institute of Jiangsu Province, Nanjing 210017, China)

Abstract: Due to the needs of environmental protection and cost control, the amount of plant feedstuffs used in
aquatic formula feed is increasing. Plant feedstuffs are rich in dietary fibers (DFs), which resulted in over 30% of
DFs contained in common commercial aquatic commercial feeds. However, their impacts on fish physiology are
still largely overlooked. This article introduces the definition, classification, physicochemical properties, ferment-
ability, and content of DFs in common plant feedstuffs, with a focus on the research findings of the author and
team in the fish physiology of DFs. We noticed that hemorrhage, white feces, enteritis, skin-rotting, gill-rotting,
hepatic steatosis and fibrosis, green liver, white liver, gallbladder enlargement and even mass deaths could be
induced in yellow catfish (Pelteobagrus fulvidraco) when diet included 20%-30% DFs. Similar symptoms had also
been observed in largemouth bass (Micropterus salmoides) and grass carp (Ctenopharyngodon idella) fed high
DFs diet. The pathogenic effect of DFs was related not only to the content of DFs in the diet but also to the types
of DFs. Pectin was much more pathogenic to P. fulvidraco than cellulose. The pathogenic mechanism of DFs is
related to their interference with bile acids (BAs) homeostasis and intestinal microbial homeostasis. DFs have the
capacity of binding to BAs, which prevents BAs from activating BA receptors such as FXR. FXR negative feed-
back regulates the synthesis of BAs and inhibits inflammatory reactions. As a result, high levels of DFs caused
hypersynthesis of BAs, increasing of the BAs level in tissues and their hydrophobicity, and interfed with the circa-
dian rhythm of BAs, further inducing inflammatory reactions and tissue necrosis due to the cytotoxicity of BAs.
Some DFs are fermentable, which caused structural changes in the gut microbiota (might also be duo to the anti-
bacterial effect of BAs). The disorder of intestinal microbial homeostasis further aggravates metabolic disorders,
including BAs metabolic disorder. The disease symptoms and progression induced by DFs can also be improved
by the other stress factors. Based on the pathogenesis of DFs, the diseases can be prevented and controlled by lim-
iting the intake of DFs, adding BAs and taurine to the diet, and avoiding the superposition effect of DFs with other
stress factors. This study for the first time elucidates the pathogenicity of excessive intake of DFs on fish and its
potential mechanisms, providing a new perspective for the high-value utilization of plant feedstuffs and optimiza-
tion of feed formulation, suggesting a new approach for fish disease prevention and control. Further clarification
should be provided on the types, levels, and characteristics of DFs in different plant feedstuffs, as well as the toler-

ance range of aquatic animals to DFs.
Key words: fish; dietary fiber; non infectious inflammation; bile acid; FXR; microflora
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