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Effect of oligosaccharide addition on rumen bacterial flora of lactating calves
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Abstract: The effects of different methods mannose oligosaccharide (MOS) addition on the construction of rumen bacteria
in calves were studied based on 16S rDNA sequencing. Twenty healthy male Holstein calves with similar weights and of the
same age were selected and randomly divided into four groups. The control group (CR) was fed a basal diet of milk with no
MOS added. In the ORa group, 5 g MOS was added to the milk rather than the diet. In the ORb group, 5 g MOS was added
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to the diet rather than the milk. In ORc group, 2.5 g MOS was added to both the milk and diet, respectively. The results
showed that the different methods of MOS addition affected the total amount of rumen bacteria, but no significant influence
on the diversity of rumen bacteria in calves was found. At the phylum level, compared with that of the control group, the
addition of MOS in the ORb group significantly reduced the abundance of Firmicutes and Actinomycetes (P < 0.05) and
significantly increased the abundance of Proteobacteria (P < 0.01). The dominant bacteria in the ORb group increased to 3
species (Bacteroidetes, Firmicutes, and Proteobacteria). At the genus level, the different methods of MOS addition effected
the structure of rumen bacteria of the calves to some extent, including Dialister and Desulfovibrio. While the variables had
fewer effects on the rumen bacteria of calves in the ORa and ORc groups compared to that of the ORb group. Moreover, the
functional rumen bacteria of the calves in the ORb group were all significantly affected, including prevoort-7, amino acid
coccli, eubacterium, and vibrio succinate. In this experiment, the different ways of adding MOS had no significant impact on
the diversity of rumen bacteria of suckling calves. However, the method of MOS addition in the starter had some effects on
the structure of the flora, among which the abundance of Succinivibrionaceae_ UCG-001, which played a role in both rumen
protein degradation and starch degradation, significantly increased. The abundance of Selenomonas using lactic acid
significantly increased, and the abundance of Eubacterium_coprostanoligenes group using lactose significantly reduced,
while the abundance of Dialister degrading hemicellulose significantly reduced.
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Table 1 Composition and nutrient levels of
starter diet (air-dry basis)

kL g EIRKF o
Ingredients  Content/% Nutrient level Content
24 At
S }K = He
Corn 55.2 Gross energy/ 14.9
MJkg )
A R A 5
Soybean meal 26.0 Crude protein/% 18.5
Bk K iV
Wheat bran 13.0 Ether extract/% 24
ik FHLEF 4
Linestone 2.0 Crude fiber/% 9.3
RS LIV
CaHPO, 14 Ash/% 75
AL 5
NaCl 1.3 Ca/% 13
TRk ps¥i:
Premix L1 Total phosphorus/% 0.6
Eit
Total 100.0
12 REHE
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Figure 1 Venn graph of rumen bacterial flora
OTUs in dairy cows
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The control group (CR) was fed a basal diet and milk with no MOS
added. In ORa group, 5 g MOS was added to the milk rather than the diet.
In the ORD group, 5 g MOS was added to the diet rather than the milk. In
ORCc group, 2.5 g MOS was added to both the milk and diet, respectively;

this is applicable for the following tables and figures as well.
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Table 2 Diversity indexes of samples

AbFEZH Treatment

Wi H Item
CR

ORa ORb ORc

Chaol#8% Chao 1 index 292.12 +34.78a

FAFE L Shannon-Weiner index 4.19+0.28a

P % Goods_coverage index/% 99.80 = 0.00a

284.13 £28.91a
4.16 £0.55a

99.80 £ 0.00a

266.06 +31.10a 299.65 + 14.01a

3.91+0.59a 4.32 +0.50a

99.80 + 0.00a 99.80 + 0.00a

AT ARG PR B SR AN RN 7 N 22 R B35 (P < 0.05), ARIKS FREORH BSEEARZINT 27 W8P <0.01); &3,

4l

The data within the same row without letters indicate no significant differences between the different MOS addition ways at the 0.05 level; and different

lowercase letters within the same row indicate significant differences between the different MOS addition ways at the 0.05 level; and different capital letters

within the same row indicate significant differences between the different MOS addition ways at the 0.01 level; this is applicable for Table 3 and Table 4 as

well.
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Table 3 Effects of mannan oligosaccharides on the relative abundance of rumen microflora ofdairy calves at the phylum level

%

AbFRZH Treatment
I'T Phylum
CR ORa ORDb ORc

fUFF B 1] Bacteroidetes 63.477+0.043a 59.236 £ 0.071a 68.383 +0.035a 66.222 + 0.070a
JEBER ] Firmicutes 32.720 + 0.037a 37.737 +0.070a 19.519 + 0.039b 29.465 + 0.070
R 1T Actinobacteria 3.376 £0.012a 2.490 + 0.006a 0.893 £ 0.004b 2423 +£0.010a
A5 I B 1] Proteobacteria 0.205 + 0.000Bb 0.377 £ 0.001Bb 10.915 + 0.032Aa 1.653 £ 0.008Ab
AYEAF R 7] Fibrobacteres 0.133+0.001a 0.055 +0.000a 0.120 £ 0.000a 0.106 + 0.000a
F.F#H 1] Synergistetes 0.023 £ 0.000a 0.035 £ 0.000a 0.096 = 0.000a 0.067 + 0.000a
M 1] Tenericutes 0.020 £ 0.000a 0.014 +0.000a 0.003 £ 0.000a 0.007 + 0.000a
i€ B ] Spirochaetae 0.019 £ 0.000a 0.016 + 0.000a 0.014 + 0.000 0.036 + 0.000a
R ] Lentisphaerae 0.009 = 0.000a 0.005 + 0.000a 0.007 + 0.000a 0.006 £ 0.000a
PERE [ Verrucomicrobia 0.005 = 0.000a 0.000 + 0.000a 0.011 + 0.000a 0.004 + 0.000a
WS #E4H B Cyanobacteria 0.005 = 0.000a 0.033 + 0.000a 0.037 + 0.000a 0.011 + 0.000a
MFF 1T Fusobacteria 0.001 £ 0.000a 0.001 = 0.000a 0.000 £ 0.000a 0.000 = 0.000a
J B8] Euryarchaeota 0.001 £ 0.000a 0.000 = 0.000a 0.000 £ 0.000a 0.000 = 0.000a
K BEH ] Elusimicrobia 0.000 = 0.000a 0.000 + 0.000a 0.002 + 0.000a 0.000 £ 0.000a
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0.05). T U 1 DU 478 26 2 ik B 0k B, HOR
R IR R S 22 20 0 . IR 2 i 5 IR R R
MRS S BOL R B A S BOR F . &
1 e ST LU AT % AR B B, R B H R

INH 88 BE B J5 AT 5% I T8 TR A 1A R X0 1 S A
A AR P R R PR (P> 0.05). BAFL P ER
FIURLRL 78 i Ty e PR AR SRBE % il 7L BB B
R AR R S
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Table 4 Effects of mannan oligosaccharides on the relative abundance in rumen microflora ofdairy calves at the genus level

%

MbFHZH Treatment

J& Genus
CR ORa ORb ORc
IR IK-7)8 Prevotella_7 47.97+0.06ab 4697 +0.08ab 59.86+0.04a  44.87 £ 0.06b
B IR J& Roseburia 7.07 £ 0.04a 12.25+0.04a 2.22+0.01a 9.00 £+ 0.05a
/NFFE & Dialister 6.62+0.01A 467+0.02AB 3.04+0.01B  536+0.02AB
I8 B BRI )@ Ruminococcaceae UCG-014 3.05+0.01a 3.69 + 0.02a 2.10+0.01a 1.57+0.01a
BIREFRL _NK3420J@ Lachnospiraceae_NK3A420_group 2.91+0.00a 2.54+0.00a  2.10+0.0la 1.79 £ 0.01a
B HIRIK-9JE Prevotella_9 2.71£0.02a 0.36+0.00a  0.23+0.00a 3.56+0.03a
HIRERTEJE Syntrophococcus 0.96 £ 0.00a 1.65£0.00a  0.47+0.00a  0.89+0.00a
& T BRI\ & Pseudobutyrivibrio 0.87 £ 0.00a 0.90+0.00a  021+0.00a  0.41+0.00a
RHEEBRIRE G Acidaminococcus 0.41£0.00ab  0.19+0.00b  0.73£0.00a  0.59 = 0.00ab
A5 18 )& Atopobium 0.39 £ 0.00a 0.17£0.00a  0.05+0.00a  0.20%0.00a
B HIRIK-1E Prevotella_I 0.37 £ 0.00a 0.33+0.00a  0.22+0.00a  0.24+0.00a
DA B & Eubacterium_coprostanoligenes _group 0.35+0.00a 0.23 +0.00a 0.11 + 0.00b 0.19 + 0.00ab
BB JE Lachnospira 0.32 + 0.00a 0.15+£0.00a  0.03+0.00a  0.10+0.00a
W@ Solobacterium 0.30 £ 0.00a 0.13£0.00a  0.04£0.00a  0.10%0.00a
I8 & BRI )8 Ruminococcus 1 0.28 + 0.00a 0.25 +0.00a 0.95 +0.00a 0.17 + 0.00a
I8 B BRI )8 Ruminococcus_gauvreauii_group 0.28 +0.00a 0.18 £0.00a 0.18 £0.00a 0.30 = 0.00a
I8 & ¥R )8 Ruminococcaceae UCG-002 0.25 +0.00a 0.37 £ 0.00a 0.22 +0.00a 0.25 +0.00a
ERIREJE Megasphaera 0.21 £ 0.00a 0.34+0.00a  242+0.0la  0.81+0.00a
{8 Bacteroides 0.16 £ 0.00a 0.12£0.00a  0.10£0.00a  0.13+0.00a
[ R IN I J& Desulfovibrio 0.14 = 0.00b 0.21+0.00ab  0.21+£0.00ab  0.29 +0.00a
G & Mitsuokella 0.14 £ 0.00a 0.09+0.00a  0.72+£0.00a  0.14+0.00a
LY R & Fibrobacter 0.13 £ 0.00a 0.06+0.00a  0.12£0.00a  0.11+0.00a
P FH-UCG-004)& Ruminococcaceae_UCG-004 0.10 £ 0.00a 0.11£0.00a  0.02£0.00a  0.07+0.00a
BT FL_RCIJE Rikenellaceae_RCY_gut_group 0.10 £ 0.00a 0.05+0.00a  0.10£0.00a  0.05+0.00a
BA T KM B &8 Selenomonas 0.06 = 0.00B 0.32+0.00A  1.02+0.00A  0.64 +0.00A
BEHIER N AL-UCG-001)& Succinivibrionaceae UCG-001  0.01 + 0.00B 0.04+0.00B 10.60+0.03A  0.84+0.01B

RERMA LR ZE A EE . EA S 6N
LA, BRG], AR TR B ek g
Ve A R R e R b R I AR . 2R B d
SRS 07 2O 2 8 R A T KT S5 R A
fE—E sz, Hd JF gk s n oy 30 208 B 4l

WKL A R R A, PR . EE5%
A L1 4L 5 1 T B AR .
322 Jg/KF
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