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AT RN 5Tt , 43 3R], A
3, FE 4 A8 IR 28 d. X6 H AL
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Table 1. The composition of experimental diet and
nutrient levels (as-fed basis)

Ingredients Basal diet
Corn starch 59.72%
Soybean isolated protein 12.80%
Fish meal* 10.00%
Whey power? 8.00%
Soybean oil 0.45%
Sucrose 2.00%
Dextrose 4.00%
Flavor powder 0.05%
Sweetener 0.03%
Dical cium phosphate 1.40%
Limestone 0.20%
Sodium chloride 0.15%
Lysine 0.35%
Methionine 0.10%
Threonine 0.20%
Tryptophan 0.05%
Vitamin-mineral premix® 0.50%
Total 100%
Nutritional level*

Digestive energy 3543 kcal/kg
Crude protein 18.41%
Calcium 0.84%
Total phosphorous 0.65%
Lysine 1.39%
Methionine 0.40%
Threonine 0.81%
Tryptophan 0.25%

IConcentration of crude protein in fish meal was 64.6%.
2Concentration of crude protein in whey power was 3.8%.
Vitamin and mineral premix provide the following per
kilogram of diet: 15000 |U vitamin A; 8000 U vitamin D3;
30 IU vitamin E; 2.5 mg vitamin K3; 2.5 mg vitamin B1; 4.0 mg
vitamin B2; 3.0 mg vitamin B6; 20 pg vitamin B12; 40 mg
nicotinic acid; 12.5 mg pantothenic acid; 0.7 mg folic acid;
20 pg biotin; 400 mg Fe as ferrous sulfate; 150 mg Cu as basic
cupric chloride; 150 mg Zn as zinc sulfate; 80 mg Mn as
manganese sulfate; 0.4 mg | as ethylenediamine dihydroiodide;
0.3 mg Se as sodium selenite. “Nutritional levels were
calculated values.
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—FRE, TFEFEY) H K (Average daily gain,
ADG); VUK (Bl) R fiidsgrertat, =I5 14
28 REFRFRE, TH5A-F1 H R & i (Average
daily feed intake, ADFI); LATEA (FB) ¥, 1154
FER 1 LY (Feed conversion ratio, FCR).

14 BIFRYREMHLR
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PRV VE U 2T 4 (ADF)S5 5 I ) B R MK L% . 2 H
AR E AL (Parr, 6400, USA)IN i3 a4l F
FeFEh RBE(GE) & i, H BhEll kg A AL (FOSS,
Kjeltec TM2100, Denmark)Z3H4f it ¥l 2K 11 (CP)
Srhrs JRIIL(ANKOM, XT151, USA)AE g
(EE) & k5 L7443 Hr{L(ANKOM, Fiber Analyzer
2000, USA)MIRE H e 4 21 4 (NDF) iR M Pk 4
LYE(ADF) i, 45 B IR TR AL R 4 A2
(DI,
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FEWT NI 2R (96)=100~100% (Areer/ Areces)
X (Breces/ Breed) ~(D)
HrP Aved I TRRF R ALA ST 5 (%), Aveces W EEFE
AIAT 1 (%) , Breed M FEFE HHE IR P BT 75 5 (%) , Breea
B SR T (%)
15 MiERERR
IS 28 KR AR ik B 2 IR E R
SRR AT EA TET R R ICR I 5 mL, 2 R
H 2hJ5, T 4°C T 3000 r/min .0 15 min, H
WA RT 15 mL B0, B T-20 °C IR fF
A 3 T 8, 5 TR R R e 3 W e v A 0 L 97 v g TR
B A(A). RIZIKE G(19G). sk
M(IgM) . 98 SR BB K F -a(TNF-0) . 141 % -1
(IL-1B). IS %-6(1L-6). 14T % -10(IL-10)F1 14>
R-22(1L-22) i &
1.6 FHIEMAEY) DNA REL. W FF A
EES 0. 14 f1 28 K, RERRE T 1 kA1
B IBAL Bt 2 RE(n=3/4b PR 4H) , %5 A TG Eppendorf
Brp, MAEERE ERAT, RAFET-80 °C HTHE
AN {8 ] E.Z.NLA.® soil i 7] £ (Omega Bio-tek,
Norcross, GA, USA)FEEZERE R 41 19 5 DNA, F]
Jfl NanoDrop2000 #5:ill DNA ¥ & F4f B, M4 4
1 54 338F (5'-ACTCCTACGGGAGGCAGC
AG-3)#l 806R (5-GGACTACHVGGGTWTCTAA
T-3)X 4B V3-V4 AR X 19 16S rRNA FE[A 17
PCRY"# ., ¥ 14FE)¥h: 95°C 3 min, 27 MG
95°C30s, 55°C30s, 72°C30s, 72°C10min,
PR RN 20 pl, SxFastPfu Z P 4 plL,
25 mmol/L dNTPs2 uL, EFii#514(5 umol/L)4%
0.8 uL, FastPfu 24 0.4 ul, 10 ng DNA it ,
FIH Axyprep DNA Gel Extraction Kit (Axygen
Biosciences, Union City, CA, USA)X} PCR ™1y~ 4
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PEAT I alifl, TrisHCI Sebi, 29655 b EE I f
KA DNA F Bt Halifb )5 i3 i BEk 8 5C
I, F ] 1lumina 22 7] 1 Miseq PE300 - & 47l
¥ o RGN 31 4 FH Trimmomatic (version 3.29)
BRI, ] FLASH 8RR 90, 25
UPARSE #ff:(version 7.1), H33i 97%H4 AR B XF
¥ %1 33k 47 #8443 2% #A {37 (Operational  taxonomic
unit, OTU)®2; {#i F§ UCHIME S ESIBR R A4
FIH RDP classifier 43457 5 k47 P43 25
B, Hoxt Silva B B (SSU123), & H X A
80%. M 17 s 4 K g A%~ JF 2 NCBI 119 Sequence
Read Archive #ili %, %15 No. SRP149889.

17 PR

SR TERE . B TR BRI AL R A I
A 4 bR A PE S SPSS 23.0 4i it gk
(Chicago, IL, USA)i#1T One-way ANOVA J5 243
Brs ZHIERH Turkey [RI%HEAT 2 8 AW RS
5, W EE L E SRR . AR R IR

OTU ¥4l ] R Giit%ff(version 3.2.2) i 17
Kruskal-wallis J7 2250#7, ¢HaRA Fdr #1725
P VR g, IR DO SRR . St
gl P<0.05 W EF I .

2 #XR

2.1 IO BT A KRR MR
w2 i, EilE 0-14d, 15-28 d fI#&A4~
I, &I H W15 ADG 1 ADFI 2254
i3 (P>0.05)., iRXE: 014 d, H AR SEERHIE 1
FCR 2 K T ALl H A4 (P<0.05), 1M 15-28 d I
HARIG I 564 FCR 22 5% K 8 2 (P> 0.05).
2.2 1B WY RS SR IHALR
m#F 3 Pon, SPAERAMIL, HRENE
MR B E A T4 NDF {1k % (P<0.05); 5
XTREZIARLL , H VSIS S i 248 % T ADF
THALA(P<0.05), HARESINHEHEMELXS DM, GE,

& 2. BHIRRMIGELERXTH N E KRR
Table 2. Effects of dietary fucoidan on growth performance of weaned pigs

day 0-14 day 15-28 day 0-28
Items
ADG/g ADFl/g FCR ADG/g ADFl/g FCR ADG/g ADFl/g FCR
Basal diet 293.1+11.9 549.3+10.4 1.84+0.03* 439.8+26.2 858.0+35.6 1.91+0.07 363.6+15.4 697.3+24.2 1.89+0.02

Antibiotic group 286.1+19.8 518.3+21.0 1.82+0.06® 428.7+27.4 831.3+47.3 1.92+0.03 354.8+21.4 670.3+32.0 1.87+0.04

Fucoidan group 316.0+16.3 519.7+23.1 1.65+0.01°

442.9+20.8 843.0+48.0 1.86+0.05 377.1+14.9 668.3+31.8 1.76+0.02

Values in the same row with different letter superscripts mean significant difference (P<0.05). The same is as below.

& 3. HIRRMIGEFER XN R S IHE RN
Tabel 3. Effects of dietary fucoidan on nutrient digestibility of weaned pigs

Items DM/% GE/% CP/% EE/% NDF/% ADF%

Basal diet 93.3+0.1 93.2+0.1 87.3+0.3 43.1+3.9 63.6+2.1% 31.5+2.6°
Antibiotic group 92.9+0.5 92.6+1.0 87.4+0.6 53.1+2.3 52.2+44.1° 39.0+4.8%
Fucoidan group 94.9+0.9 93.3+0.2 88.1+0.3 47.8+2.3 62.8+1.4° 49.2+2.12
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PUA: 2 8 BB 40 Chao 1 11 Shannon $5 4125 7
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BRI, 3K 2 2SR Prialaa ) i) 215 93%-95%
] IG5 O K, -4 BRZH Firmicutes Fl Bacteroidetes
X2 5 A B % (P>0.05); IR 14 X, 5
XF RRZHAH LY, P4k 22 2 A Bt e 2H b Bacteroidetes
2 EIHER(P=0.07); K505 28 K, PiAERAAE
BERHIPEL Actinobacteria 34 1 35 5 T X HRZH (P<0.05)

Kl 1-B 23 1 &K B YA R
KT 1%0 B R 55 0 K, FEME
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Tabel 4. Effects of dietary fucoidan on immunity of weaned pigs

Items IgA/(g/L) 19G/(g/L)  1gM/(g/L) TNF-o/(pg/mL) IL-1p/(pg/mL) IL-6/(pg/mL) I1L-10/(pg/mL) I1L-22/(pg/mL)
Basal diet 0.69+0.06 20.52+0.36 2.36+0.03 69.6+4.9 40.1+3.9 152.2+20.4  22.4+2.9 195.3+8.9%
Antibiotic 0.64+0.05 20.72+0.15 2.45+0.05 59.0+6.1 28.4+4.5 120.8421.5  22.4#3.2 139.1+16.4°
group

Fucoidan 0.67+0.04 20.81+0.31 2.46+0.04 50.3#5.3 30.4£1.5 133.5+14.4  27.5¢#3.6 145.5+16.5°
group

&5 HIRARMEEERXFEER o- SR
Tabel 5. Effects of dietary fucoidan on a-diversity of gut microbiota of weaned pigs

Items Basal diet Antibiotic group Fucoidan group

Chao 1 index

day 0 490.9+23.4 485.0+17.3 441.8+22.4

day 14 530.2+29.1° 608.5+7.2% 679.9+10.4%

day 28 671.3£31.0 652.2+21.4 681.7£12.6

Shannon index

day O 3.97+0.15 4,01+0.18 3.97+0.15

day 14 3.66+0.29" 4.40£0.13* 4.60+0.11°

day 28 4.43+0.16 4.35+0.33 3.92+0.24

actamicro@im.ac.cn
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Figure 1. The effect of dietary fucoidan on gut microbiota composition in weaned pigs. A: Influence of dietary
treatments on bacterial community structure at the phylum level on days 0, 14 and 28. B: Influence of dietary
treatments on bacterial community structure at the genus level on days 0, 14 and 28. CON, control group; ANT,

antibiotic group; FUC, fucoidan group.
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Influence of dietary fucoidan on inflammatory response and
intestinal microbial diversity in weaned pigs

Ping Liu’, Jinbiao Zhao, Zhengying Geng, Junjun Wang, Ling Liu, Chunlin Wang,
Pingting Guo, Yi Wu, Gang Zhang, Bingbing Huang

State Key Laboratory of Animal Nutrition, College of Animal Science and Technology, China Agricultural University, Beijing
100193, China

Abstract: [Objective] We studied the effects of dietary fucoidan on growth performance, nutrient digestibility,
immune index in serum, and gut microbiota composition in weaned pigs. [M ethods] A total of 36 weaned pigs
(body weight 7.43+0.12 kg) were allocated to 3 dietary treatments, and piglets in each group received control diet,
control diet containing antibiotic, control diet containing fucoidan for 28 days. Growth performance and nutrient
digestibility were evaluated in piglets. Serum indices related to immunity were measured by spectrophotometric
and ELISA assays. Gut microbiota composition was determined using 16S rRNA amplicon sequencing. [Results] A
reduction in feed conversion ratio in piglets fed fucoidan supplementation on 0-14 days (P<0.05). The digestibility
of neutral detergent fiber and acid detergent fiber were increased in fucoidan dietary treatment (P< 0.05). Compared
with the control group, the production of interleukin 22 decreased in piglets treated with antibiotic and fucoidan
intervention (P<0.05). Piglets provided with antibiotic and fucoidan treatments showed an increased tendency
(P=0.07) in the population of Bacteroidetes members on day 14, whereas the abundance of Actinobacteria increased
(P<0.05) on day 28. Specifically, there was an increase in the Bacteroides genus in diet containing fucoidan when
compared to those in control and antibiotic groups. [Conclusion] Dietary fucoidan improved the fiber digestibility
and the richness and diversity of Bacteroides genus, and decreased inflammatory cytokines of IL-22 production in
weaned pigs. These changes should alleviate the post-weaning stress and contribute to the establishment of healthy
and stable digestive system in weaned pigs.

Keywords: fucoidan, anti-inflammation, gut microbiota, Bacteroides, weaned pigs
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