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Effect of ethanol on in vitro short chain fatty acid yield by ruminal
bacteria fermented on fiber substrate
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Abstract: [Background] Short chain fatty acids (SCFA) produced by ruminal bacteria fermentation of
carbohydrates can be used as the fuels and chemical precursors. Ethanol plays an important role in the
production of caproic acid by carbon chain extension, but the effect of ethanol on the caproic acid
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production capacity of feed with different fibers fermented in rumen is rarely reported. [Objective] To
reveal the difference in SCFA yield of ethanol on rumen fermentation of fiber feed in vitro, and to explore
the potential bacteria producing C5 and C6 fatty acids. [Methods] /n vitro continuous passage culture
technology and Illumina HiSeq sequencing technology were used to compare the effects of ethanol on
SCFA-producing capacity of six feeds, as well as the differences in bacterial community structure.
[Results] The total SCFA yield of 6 kinds of fiber feed was ryegrass straw>triticale straw>oat
straw>corncob>rice straw>stevia straw. The yield of valeric acid and caproic acid of triticale straw and
ryegrass straw was significantly increased by adding ethanol. Firmicutes and Bacteroidetes were the
dominant bacteria phylum, and ethanol significantly increased the relative abundance of Actinobacteria
and Tenericutes phylum in oat straw and triticale straw group. At the species level, the relative abundance
of dominant bacteria of stevia straw, rice straw and corncob was different from that of oat straw, triticale
straw and ryegrass straw. Among the bacteria with the top 10 relative abundance, the relative abundance of
Prevotella sp. DIF CP65, Clostridium butyricum and Bifidobacterium thermophilum showed significant
positive correlation with the yield of valeric acid. C. butyricum relative abundance was significantly
positively correlated with caproic acid yield. [Conclusion] More valeric acid and caproic acid can be
produced by fermentation of fiber feed with ethanol in vitro. The results provide reference data for
screening ruminal bacteria that can be cultured for in vitro fermentation to increase the yield of valeric acid
and caproic acid, and to explore the functions of ruminal bacteria.

Keywords: ethanol, bacteria diversity, fiber type feed, valeric acid, caproic acid
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Figure 1 The effect of ethanol on SCFA yield in 6 grass
type fermentation with and without ethanol in vitro (8th
generation)
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Note: SS: Stevia straw; RS: Rice straw; CC: Corncob; OS: Oat straw;

TS: Triticale straw; RGS: Ryegrass straw. Without ethanol: Control,
With ethanol: Supplement with ethanol
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Figure 2 The effect of ethanol on pH value and gas production in 6 grass type fermentation with and without ethanol ir

vitro (8th generation)
H: A: pHAH; B: =Ain.

SS: @484 ; RS: FEFE4L; CC: FKihdl;

OS: MEFEY; TS: /NEFERY; RGS: BEEY,

Without ethanol: X{HRZH; With ethanol: ZEEGINZH, *. [F—FRPIIIN -5 X5 0 XS BRZH 50 s 2 57 B 35 (P<0.05)
Note: A: pH value; B: Gas production. SS: Stevia straw; RS: Rice straw; CC: Corncob; OS: Oat straw; TS: Triticale straw; RGS: Ryegrass
straw. Without ethanol: Control; With ethanol: Supplement with ethanol. *: Significant difference of same substrate with ethanol relative to

that of its corresponding control date (P<0.05)
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Figure 3 Alpha analysis of ruminal bacteria in 6 grass type fermentation with and without ethanol in vitro (8th

generation)
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Note: A: Chaol index; B: Shannon index. SS: Stevia straw; RS: Rice straw; CC: Corncob; OS: Oat straw; TS: Triticale straw; RGS: Ryegrass

straw. Without ethanol: Control; With ethanol: Supplement with ethanol
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Figure 4 Similarity tree of ruminal bacteria in fermentation with and without ethanol in vitro (phylum, 8th generation)
E: A: RINCRE; B: ZBRESINAL, SS: FHI-4441; RS: FEFS4L; CC: FTKE4L; OS: #Mikwidl; TS: /IBEHE4Y]; RGS:
LR, JEE ERERINZE

Note: A: Without ethanol; B: With ethanol. SS: Stevia straw; RS: Rice straw; CC: Corncob; OS: Oat straw; TS: Triticale straw; RGS:

Ryegrass straw. E represent with ethanol
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Table 1 Effects of ethanol on relative abundance of ruminal bacteria (phylum, top 7)
TE JREER]] FFF R BRBEMT] eI} PR AT ] LRI BRBERR] ]
Items  Firmicutes Bacteroidetes Spirochaetes Actinobacteria Fibrobacteres Proteobacteria Tenericutes
SS 71.93+7.23 14.67+4.02 2.29+0.07 0.84+0.06 0.03+0.01 5.43£1.12 4.43+1.45a
RS 46.9242.55a 34.35+3.53b 1.43£0.23 0.30+0.09 9.86+2.18 1.33+0.60 3.95+0.38
CC 52.17+8.21 33.06+5.31 9.04+3.18 0.16+0.04 2.27+0.93 2.29+0.42 0.47+0.06a
(O} 58.73+6.66 32.72+6.40 0.41+0.27 1.49+0.82b 2.754+0.32 1.87+0.90 1.69+0.36b
TS 72.24+10.05a  18.36+6.78b 0.33+0.07 1.93+0.82b 5.48+6.39 0.94+0.15 0.45+0.15b
RGS 47.12+7.66 27.21£3.95 20.30+4.67 2.08+0.70b 0.64+0.40 0.95+0.32 1.66+0.29
SS.E 81.89+3.23 10.04+0.25 0.09+0.04 0.20+0.09 0.01+0.01 6.55+2.86 1.04+0.55b
RS.E  32.36+0.27b 57.45+1.85a 4.43+1.88 0.77+0.36 0.53+0.07 2.274+0.25 1.1940.02
CCE  53.26+8.29 40.42+5.10 4.10£2.67 0.15+0.06 0.11+0.06 1.47+0.60 0.16+0.10b
OS.E  39.08+8.35 43.39+9.07 0.18+0.11 8.80+1.46a 0.05+0.03 1.12+0.41 7.04+1.88a
TS.E 34.86+8.32b 34.89+8.92a 0.69+0.09 22.46+1.80a 0.09+0.04 1.76+0.66 3.88+0.54a
RGS.E 41.97+8.57 34.36+5.24 7.82+3.58 5.61+1.64a 7.17£3.00 1.24+0.12 1.77+0.36

e SS: B4 ; RS: FEFEAL; CC: FKIN4;

OS: MEFHFA; TS: NEBEFY; RGS: BERY, FHEREXRIMLE. H

[ A BRI AN IR/ NG B3R 25 55 i 35 (P<0.05)
Note: SS: Stevia straw; RS: Rice straw; CC: Corncob; OS: Oat straw; TS: Triticale straw; RGS: Ryegrass straw. E represent with ethanol.
The same substrate type with different lowercase letters show significant difference at 0.05 level
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Figure 5 Effects of ethanol on relative abundance of ruminal bacteria (species, top10)
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FE S INIR ™ 5 B TR 5 (P<0.05)
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®2 RERAHEMBEXFEES SCFA F=ERIEXMES

Table 2 Correlation analysis of bacterial community diversity and SCFA yield in vitro

Items Acetic acid Propionic acid Butyric acid Valeric acid  Caproic acid
Lachnospiraceae bacterium RM29 0.083 4 —0.225 8 —-0.224 1 073007  -0.3555"
Prevotella sp. DIF CP65 0.058 7 0.368 1° 0.339 8" 0.801 0" 0.246 7
Bacteroidales bacterium RM68 —0.117 7 —0.237 4 —0.275 0 062817  —03801"
Prevotella ruminicola —0.069 1 —0.556 3" —0.468 6" 04684  0.0521
Treponema sp. Ru2 0.203 5 0.169 9 0.200 9 —0.068 4 —0.186 6
Clostridium butyricum 0.244 3 04129 0.281 6 0.796 1° 03390
Bifidobacterium thermophilum 02717 0.1227 0.057 7 04507 0.093 6
Treponema bryantii 0.058 2 —0.116 9 —0.086 7 064337  —0.3668"
Asteroleplasma anaerobium 0.1992 0.244 3 0.305 5 0.642 5™ 0.229 6
Lachnospiraceae bacterium G41 —0.193 4 —0.383 8" -0.317 6 —0.042 1 0.160 5

e BFMS(P<0.05); **: HEHMF(P<0.01)

Note: *: That correlation is significant at 0.05 level; **: That correlation is significant at 0.01 level

KRR r= S | M SCFA By~ w48, pH {H#
i, UEHHAX 3 R E FRY S s, AR
TUIEM L. o ZAEPEFEEUT Chaol T84 B
AEEETE R FEE E, Shannon FEEUS BLGAE DIETE
M Z 4% . Chaol FRECHK, UiHIHER £ & B
55 Shannon FREHK, ViRHEEE R LTRSS .
A, WINCEEARBUE R B NBAZ B
M ZE A K] Chaol F8 %A1 Shannon 544, 16 AH LX)
DL 5 (B i 1) 21 2 2 TR A 2 I3 IV 0 1) A4 T
% £\ M Z R AN

5 IR IR &8 T AT I 1] (Bacteroidetes) , TE
P B AR AR o XA R DR R
A E SR AN, WAl DR oKL & R
Mg, LY. NI T IRM. Fraga 2R
1B E K FQ 1 (Prevotella bryantii 3CS)TEJ B AT
PR Z AT B H ™ A5 e R IR A
(Prevotella sp. DJF CP65)HHXT 12 5 iR ™ i 5 i
FIEMC, HiXWEE W) R A WHE, &
S I

AW RIS I B B v T /N R
AR | ] (Actinobacteria) B AIXT FEHE, 17 HAHXS
R 1.93%TH 5 22.46%, X5 Lin 2 HizERY
WIS TR T T 1A = B A 45 R — 3k
WE B AT TR (B, thermophilum)J& T £ 7 ] AUEL

¥ J& (Bifidobacterium) , & )4 Wi 1 A9 AT 4 18
FE o BUBCHF IR Y T2 2R BEIR P 2 ik AL &4, W
IS TR TE Bk 70 /2 I R B P A FLIR I O TR, TERRAS
SRR A R A RPY. T R AR (C
butyricum) J& T J& BE B ] (Firmicutes) 12 1 &
(Clostridiales), TER2 @& CHE TR Z k0] FH]
LA TRMABMER, W Clostridium
kluyveri. Clostridium tyrobutyricum ATCC 25755,

Clostridium sp. BS-1. Clostridium autoethanogenum

Clostridium ljungdahlii . Clostridium ljungdahlii F
Clostridium ragsdaleim'zs] o Ho, TR R
(Clostridium kluyveri)f\ R iR AEARSME SR ] R
28 BTG U8 S AT ALY B ML Y 2 RR TR P SRR
SECTHE R R AR A IR T MO 45 R, ek
A O IR, ABAT DA 32— T O, e iF
CRAFACRACECR. MR, HHE
M5 R W, B W R (Bifidobacterium
adolescentis) V] J7 = R . TR . IRFRFIC IR 5

Lambrecht 25Ut K00 1) SUEFF B A T = B2 it L 2
PRI E IR, YA AR C RN, R
Ko AUTERI, BN BEIG /N R R R
MO R E TG, JF P T iR
PRBEARR R T, W HOSUB A TR AR X 2
SR EE B E IR, TRREMNFEES
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IR . O R B IEANOG, I W PROBUE,
FETRFI T PR AR T TE R B A AN A I 7 LR A R
HATHZAEH

4 4

P URSME RS F B AR DTSR, it
R RKOS) SCRA P REIRTHEARE . /MR
PRI, J5 = HOAT B 40 PR 2 B2 1
PRTCL I . R P T I A LR 4 0 i
R RRAC R
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