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Diarrhea is one of the main disorders which cause the highest level mortality of the post-weaning
economic animal. Beech-wood creosote has been used as a traditional anti-diarrheic medicament for
a long time. The present study was conducted to investigate the effects of dietary supplementation
of Beech-wood on growth performance and intestinal microbiota in rats. Twelve 4-week-old rats were
randomly assigned to one of four dietary groups and fed a basal diet supplemented with none (CON),
0.5% apramycin (ANTI), 0.4% creosote (Creo 0.4), or 0.8% creosote (Creo 0.8) for 4 weeks following
1 week of adaptation period to the respective diet. Average daily gain was not influenced by the diet-
ary treatment whereas average daily feed intake was greatest for the Creo 0.8 group. In the intestinal
microbiota at the level of the phylum, the percentage of Firmicutes bacteria decreased but Bacteroidetes
increased in the Creo 0.8 group vs. Control, which resulted in a decreased F/B ratio for the former
(p<0.05). Moreover, the percentage of Lachnospiraceae was greater at the level of the family for the Creo
0.8 group than for Control, but the percentages of Turicibacter and Clostridium disporicum were less in
the former (p<0.01) at the genus and species levels, respectively. Collectively, the present results in-
dicate that dietary supplementation of creosote increases the feed intake and also influence the in-

testinal microbiota in rats.
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chokshAl Fe = dTH21]. Apramycmt aminoglycosideZ|
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A3l f7)4HA| £ acetic acid, butyric acid, lactic acid & ©] %)
thH26]. MY Z 7 Al (immunostimulating) = 5 &A1 22
& 9 Al EFFQ] B A se e ke deukeS &
Z=3tm[10], xF o2 By WA § EH LBglucan o] Tt
[19]. ol A AA TAME & FE= HB4
] -401‘47] w ol ofof g o‘]:rLﬂ gdatri22].
AY & A& E(creosote) = W =Y (Beech-wood)E &
ato] THE §9 A Eo|t}34]. 188610 W H YR oF
(Japanese Pharmacopoeia)®l A AFA] (antidiarrhetica)i/\i T
S50l Jlon, U A BZA AA ARE FHOZ 4L
SEE BFsHA HEA oA oA EH'?E.—O—E A&H o] gt
TH32J. ol &%l A TrﬂH FrE S7HIA B °ﬂ 255t
T A FE A7 < oz
W A A o E3E 1/}15},_1’4-[17, 33 AP L2EE F A
AE] A FEE Adste] ZZad 93
31, 22 AZ Y Ca*
e A7H A5 o o
ATFA FdA ZHLAE
gAY Zlsd dE 3 E3E AFoEH A
FH7F AFol Bhe HTh40].
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99%), Actinobacteria (3-15%), Proteobacteria (1-20%), Verrucom-
icrobia (0.1%), Fusobacteria, Cyanobacteria, Spyrochaetes g2
Lentisphaerae % (phylum) 2.2 o] #0& T3], 39 A
nEY] FaEe AU A S5 (irritable bowel syn-
drome; IBS), # %743 7 ¥ (ulcerative colitis; UC) 59 8
B AW ohjeh % 23ho] v (Alzheimer's) 2 T
(Parkinson’s disease)® 22 FFA A %ol of “ﬂfaﬂ‘ﬂ A
o] ol A3 A= 24 Mate Aol 87, F4, of<F
&, 384 E8 59 AR a2l s 9FE HE% [6].

e & AFoAE 8 AE dPFEE gt YL
LE7F 34 A 222A B v E wEd nA e 4
& 2AEL o2 TE APl AT F A=A de

skt skl

SAISE M| 3 SAIK=
F% 9] % Sprague-Dawley (SD) 8 #(SLC, Inc., Japan)
T 1 cage T 2vke] 4 3utEsto] IF @ 6rtel & A&
AF7IZ F4 AU eE 24T, 1243 F719] 9712 f
AU dFLY dnl A 717 5% 71 2AHE(AIN-76A,
Central lab, Seoul, Korea) (Table 1)¢} && FA GO 2 Fo
St dFdel & W AR AFS FUsA & AP
1) HE=T (124 R), 2 A TFFIZAR + ofZejnto]
205%), (3) AHWLAE 04% IF(I2AE + AHLEE
04%), @) AU LAE 08% IF(IZAIE + Y LAE 08%)
S8 ol Ag 7|3t 45 T gtk Ase 243
AL Tadd SAsAen, 438 F2d AR IFS
ZAste] AR A&S AdeT & 43 ALT A
+ apramycin (Sigma, St. Louis, MO, USA)& At8-3t Tt
AU OAE B (F)RRuo| Qe A Azdgon, T8

Table 1. Composition of the experiment diets

Treatments
CON ANTI Creo 04 Creo 0.8

Items

Ingredients (%)
Casein (from milk) 20.00 20.00  20.00 20.00

Corn starch 1500 15.00  15.00 15.00
Sucrose 50.00 50.00  50.00 50.00
Cellulose 500  5.00 5.00 5.00
Corn oil 500  5.00 5.00 5.00
Mineral mixture 350  3.50 3.50 3.50
Vitamin mixture 1.00  1.00 1.00 1.00
DL-methionine 030 030 0.30 0.30
Choline bitartrate 020 020 0.20 0.20
Total 100.00 100.00  100.00  100.00
Apramycin (%) - 0.50 - -
Creosote (%) - - 0.40 0.80

AE 1667 g W/HFE 50 g %19 (Fraxini cortex) 50 g& &3
skl 1 mm 2712 v IHA 47 F, 60Tl M Azt
T Addteddn T=4 Y52 91U (Insti-
tutional Animal Care Board of Gyeongnam National Univer-
sity of Science and Technology)®] &¢1& & 53t % thH2014-4).

Y oS 2
AW HAE sty g A LAES] FFE 2AEH]
Aol AHLAEE 473 5o F 43 T5YA 8 A5 A
A7 &%, B4, EHX]' HE&EES A 9’]3}04 g 3 A
" A& <] genomic DNA (gDNA)E at7] 918t -80°Cel|
Bt A mAE gDNAt Fecal DNA MiniPrep
kit (Zymo Research, CA, USA)E At&3td & st3oH,
Ao AHEE W7bA] 20T o] Bt AU WA ES py-
rosequencing < ©]-&3t 16s IDNA F482 A d& &4
3t A TH23]. Pyrosequencings 53 Aol Hr71A g nA
£ 7L 2ZEY 0] CLecommunity™ (Chunlab Inc., Seoul,
Korea)E ©]-&3t] £43t%2m, CD-HIT Z2138 5 o &
3t 97% sequence ARG o3 HoJH F(species)
Operational Taxonomic Unit (OTU) # 2.2 YERH S TH29].
%_,] %?—E(rlchness)“ /\gﬂzﬂ;@ 14 E}obﬂ ;qzo] alpha
diversity 2 YE 1 2.1, Chaol richness [7] % Shannon di-
versity index [16]5 #438t o FFXEE YERAUT 1
BE FEA Aol ATHAEA A& Fast UniFracs At
&3t Hrtetn F23F &4 (principal coordinate analysis;

PCoA)& Ah&sto] Az} sholtt.

E48& 58 d& A= SPSS 120 (SPSS Inc, Chicago,
& A Wo‘ﬂ v A3 g B
Z oA Duncan’s multiple

05
e 42 VERQLTH].

=
At 8 Ao FAFS 4T 2 1% kol O«W‘)] ol
£ HE A 4t or(Fig 1A), €49 SAF 9
A 2Fol= UEA °L°LE}(F1g 1B). 43A A Fe
Creo 08 1&°] CONZ ANTI IFET FYH O F 3
o2 Yehyton(Fig. 1C) (p<0.05), A& E&L2 15
o7} fle AL Yetith(Fig 1D). A9 LLEE
(guaiacol)#} ¥ E(creosol) 5 ¥t HE SFEEZH
o] FE 7ML YT17]. A 209 ek B3R
tial oils), W34 & H(aromatic herbs)9} 22 2 &4 AR
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Fig. 1. Effect of increasing percentage of dietary creosote on growth performance in rats. (A) Body weight. (B) Average daily gain.
(C) Average daily feed intake. (D) Feed efficiency. *"Means are significantly different in each group (p<0.05). Data represent
means * SD of 4 replicates. CON: control, ANTI: antibiotics 0.5%, Creo 0.4: creosote 0.4%, Creo 0.8: creosote 0.8%.

A7HlE 29 AR ATHEA "ol AH&H g,
A8 EFu9 7134 22 9 A =2 g35 JeEhoh
(35]. B HoAA A 2E HAR A AT F7h= HERUA
BAAT, Sodhi [38]°] ATNA LY LAEE AHAT HA
o] A&l F7tatA o™, Salmonella typhimurium O3 3 At
L3 3 AT A9 FULAEV} FAA B} wg

bt

ol

A FAo] IEHE AR B

rir

L D=2 Cid 24
3 # A Pl E9 16S rDNA sequences ©]-§-3Fo] Th
43} th(Table 2). Reads 7H9] fFAIRE SAZ 74

o
JFo] t3 OTUs @< £4¢ 23 CONF ANTI 18

Table 2. Intestinal microbiota richness and diversity was increased with creosote

Analyzed reads”

Normalized reads

Shannon diversity

Observed OTUs?  Chao 1 index”

Group Subjects index”
CON 1 7436 6779 1088 2419 498
2 6779 6779 890 2050 449
3 7982 6779 1092 2250 476
ANTI 1 7810 6779 1201 2490 5.05
2 7969 6779 673 1293 450
3 7478 6779 1390 3415 5.28
Creo 04 1 8393 6779 1326 2967 5.04
2 10335 6779 1236 2439 4.80
3 8483 6779 1589 3618 523
Creo 0.8 1 7551 6779 1867 4882 5.90
2 8603 6779 1672 3714 5.70
3 7593 6779 1970 5083 6.05

YAnalyzes reads were obtained from pyrosequencing. ?Operational Taxonomic Unit. Species richness. “Species diversity.
CON: control, ANTI: antibiotics 0.5%, Creo 0.4: creosote 0.4%, Creo 0.8: creosote 0.8%.
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Fig. 2. Principal coordinates analysis (PCoA) of community
structures using a fast unifrac distance matrix. Percent-
age of variation explained by principal component 1
(PC1) (43.6%). Percentage of variation explained by
principal component 2 (PC2) (24.2%). Percentage of var-
iation explained by principal component 3 (PC3) (10.4
%). CON: control, ANTL: antibiotics 0.5%, Creo 0.4: cre-
osote 0.4%, Creo 0.8: creosote 0.8%.

Creo 04 1% Zrell& zkol7F YEUA & %A T Creo 0.8 1
oA #ZE OTUsY 47F £A Vet Shannon T4
A4E o gstod FUY HAE F S £4F A Creo
08 ZFMA =A Yel o™, Chaol £4& o] &3t &4
T F FHEE GA Creo 08 LFANA A YEbTh dubz o
2 3Y A E g Wge S5 4743 dBFHA g
o, ATstE AEHoz Qs vk @ T AES A3
AT Aol HlE) ¥ Age st AFEY AW A E
;]_obH o] 27}5]\3}[18] Al o])ﬂ o] H%ak ;{13].; o3k zol-q] ]
RAES] g Tae vAEY F8 EH’\V‘*%OJ short chain
fatty acid (SCFA)9 AR & ZaA7|1
ol Mol HARe &S vATH14] v A T AR
gk Z71e 93] A SCFAE chemokined] A4S 9
Asta Sl /AN E, 5T 5U(EH, recruitment)S
AA e FHF EFHE 7GR gk Y A E B
A F7he W AA 9 wstet AR ol °]°U4 "“H n A E

m{m

U 0jM=E ZHol Het FRE 24

33 (PCoA: Principal Coordinates Analysis) 414 0. &
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A ﬂaﬂo EE 08% OW AAstde W e 24
°of Wgd = A& drjste] of& siysty] A

. 12
-

U & do & mr fo rlf mo
D =)
frtl o
=2 o\ o r
o = 2
oxl N
Sl-“

it
2 > 2

% o
[
|m
N
o
=
-
M
fe o
R=)
BN
i)

iz
ol
Ho
offt
ox
12
é
il

3 of thate] a7k HAA T, B = A
Fof teiA s A7 Ba Hol YA FUHh
dAe AHLALE H7F 9947 AUl WA E
TR HAE S B4 ATH(Fig. 3, Table 3). ZH |4
=% T(phylum) FEAA 4% 23 ZE IFAA Firmi-
cutes$t Bacteroidetes7t A A 2] P4 E2] 90% old< A3}
T ASZ YEy oo (Fig. 3A), Creo 0.8 L&A Firmicutes
7b el A o2 7481, Bacteroidetes= 2 2 0.2 F7}3le]
F/B Hl &% ZHaA7e A2 Yehyth(Fig. 3B, Table 3)
(p<0.05). o|H 3 A= FHLAEE HF 3 & F(woodrats)
N A Firmicutes7} 418 22 w2 &2 YERULIL Bacteroi-
detes7} =& HI&E YERITE Kohlét Dearing [25]¢] &
Ao} At AU AES AFHE ddEH gloH

A Ao g 4T

N [‘3.9
folt foi
:‘_l‘

o

7]

]

g (02

&
&
>
rie
4

74 % Firmicutes’} %7}8+a Bacteroi-

detes= 7A@ TH42]. A LAE | 93 $H3= & (phylum)
MAEY g} FRE SUMske AoE YA
[25], ol 2|3 W3tol th3t 2§ 7] obF WA 9 A A

goton o ¥ A7t Fesith
Firmicutes®| %3t= AW A4 ES FH(family) FFAA &

A&k A3, butyrates A4Fste WIAE Lachnospiraceae’}t Creo
08 IFA Fdo 2 F7lste ALE e oM (p<0.01),
Lachnospiraceae®l] 43k A E9 3 15E £43 A
Eubacterium 45 (genus)©] & FFOE YEFSTE Eubacterium
4 A butyrate & A4tete AEE EeA ATH43]. 22
AEE FoloFE (guaiacol)S X33t HE 8H3FE0|H[17),
Kazemi-Bonchenari &[20]° ©J8t® T-o}okF (guaiacol)©]
butyrate«] A F7HAZIT AL B St STk, Ruminococcacene
T Creo 08 LFAA S7HIAAT KA Zol& A
AU A v BEY 90~99%F Firmicutes X Bacteroidetes=
T O3], Firmicutest 3ol w8 AAe} 2&
4 A% A 27434 Butyrate= A% 43 ATAAH §
G5 o] 235 WA (transmembrane protein) 59 s}t<
claudin @92 TS F7HNA B Az 2HAA

(tight junctions)& 73}3}11[45], EA & 23S 4347
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Table 3. Pyrosequencing analysis of the fecal microbiota composition in rats

853

Treatments
CON ANTI Creo 0.4 Creo 0.8
n=3 n=3 n=3 n=3

Mean % (SD) Mean % (SD) Mean % (SD) Mean % (SD)

Firmicutes 99.07 (0.27) 99.03 (0.68) 98.36 (0.65) 96.86 (0.89)°
Clostridia 60.14 (3.95) 71.82 (8.07) 75.04 (7.17) 64.99 (12.44)
Clostridiaceae 34.79 (1.16) 44.05 (3.06) 37.29 (3.05) 14.66 (8.20)
Clostridium 3243 (1.17) 4133 (4.14) 34.34 (2.97) 12.55 (7.37)"
Clostridium disporicum 24.87 (0.82) 31.97 (5.15) 26.17 (2.98) 8.68 (5.02)"
Lachnospiraceae 10.57 (1.94) 12.11 (7.72) 19.16 (8.60) 3315 (6.72)"
Peptostreptococcaceae 891 (1.92) 8.96 (0.07) 11.09 (3.97) 4.63 (3.22)
Ruminococcaceae 1.60 (0.19) 197 (1.27) 217 (0.80) 4.52 (2.89)
Bacilli 38.91 (3.69) 27.16 (8.75) 23.73 (7.44) 31.82 (12.39)
Lactobacillaceae 28.52 (7.43) 14.75 (7.01) 15.07 (7.12) 27.67 (12.72)
Lactobacillus 2543 (7.74) 12,55 (6.15) 12,90 (5.75) 24.04 (11.04
Turicibacter_f 821 (3.60) 10.81 (2.54) 6.94 (2.26) 1.59 (1.30)°
Turicibacter 6.21 (2.75) 8.19 (2.18) 534 (1.99) 1.31 (1.09)
Bacteroidetes 0.13 (0.03) 0.67 (0.63) 0.61 (0.42) 2.01 (0.94)°
Proteobacteria 0.35 (0.06) 0.07 (0.07)" 043 (0.29) 0.52 (0.20)
Desulfovibrio 0.16 (0.03) 0.01 (0.01)" 0.26 (0.24) 020 (0.12)

"p<0.01 versus the control group. p<0.05 versus the control group. Data represent means + SD of 3 replicates. CON: control, ANTL:

antibiotics 0.5%, Creo 0.4: creosote 0.4%, Creo 0.8: creosote 0.8%.

< ®
o o
o o
o o
L™ L
v ()

a

"

CON ANTI Creo 0.4 Creo 0.8 %
(&)
100% 100%
- 100%
99%
98% 99%
97% %
98%
96% 97%
— 97%
96%
94% %%
0% 95%
SFirmicutes [ Bacteroidet B3 Proteobacteria SETC
B 100 " 3.5
b b @ 3.0
— 99 | S
8 _ 3~
3 = § = 25 F
Es 23
ol 98 a E 2 20 }
- 2 2=
© E - E
€ 3 °3 15}
2> 97} - a
€ = S £
c = g e
o c cc 10 f
e e~
o 9% °
-8 05 }
a
95 0.0 |—EmEm___
CON ANTI Cre0 0.4 Cre0 0.8 CON ANTI

T

Cre00.4

T

Cre0 0.8

Fig. 3. Pyrosequencing analysis of the fecal microbiota composition from rats fed the creosote. (A) Relative abundance of microbial
phyla identified in intestine of rats. Left: Percentage of 3 replicates. Right: Percentage of 3 replicates average. (B) Abundance
ratio of Firmicutes and Bacteroidetes in faecal microbiota. “*Means are significantly different in each group (p<0.05). Data
represent means + SD of 3 replicates. CON: control, ANTL: antibiotics 0.5%, Creo 0.4: creosote 0.4%, Creo 0.8: creosote 0.8%.
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=4 EJ}’“ o|T}37]. =& butyrater WAl F# H o]
FTE T3 2A 34 g3k ZA k5]

Fzrmzcutesoﬂ &t AU WA ES &(genus) TEAA £
A8 A3 Turicibacter’} Creo 0.8 1E A 131%%E Z T+
6.21%0°l ¥l8] frofH oz ZHadte AFo T YERon(p<
0.01), % (species) &l A= Clostridium disporicum®] ) &7
9] 24.87%¢l H&| Creo 0.8 1&FoNA 868%= FHo 2 7+
23 THp<0.01). Turicibactere # ¥4 HEE 249 Aol
A F7reka A deE 7H A7) s A ol A A E o] H 2
3 U]*ﬂ < O A A ddow 5 Tu glon

g FEE AAF LA TS
o @¥ 9 AT LS I3

Ataka K F[1]e] 3tH ZE LAEZF Y &F-EH] (anti-
secretory) &A% A W 8254 (anti-motility)dl 7] 13t
of AAb ¢35t &35 Yete, A &4 (microbicidal activ-
ity)& YA gena shgoy, & dFdes 282

S} A A ARE HAAA A7 BAE S A
o2 e,

ANTI 75F-& &(phylum) FE Atz B3l Proteo-
bacteria7} <18 02 7F4 3819 1 (p<0.01), Proteobacteria®
(familly)ell 43t= WA E ol A Desulfovibrio7} r2] 2 0.2
&3 AT (p<0.01). Proteobacteria &< B2 E54 W *ﬁi
o] X35 o] 9loH, Desulfovibriow A%+<] W<

4 31, 39]. =3I AP
(phylum)®ll 43} gram positive ¥ 944 Pl ES 7447

Firmicutes

1, apramycin ZA A= Proteobacteria (phylum)oll & 3}+=
WA nAELS ZaNFITE Ao g ey
53t E. colivk Salmonella
A A A719, apramycin

of E3& YerdtH24,

gram negative
o FAE Ggd AL HE F
E__‘j]_ pANCR ;{]—LH %]/l U]Ag%%
gram-negative bacteria a4 A=
28].

AYRLAES} A= BF FEY HA

~
>
o

-

A4S 938 A2
F AT I AL 7AE gE2A Yy 2EHoE UE
W R 2250 g 4EV AU HUA HAE FAE
53 dAA dAAZA gigte] € 4 e Ae YEY,
AAL gglel] g 2HEr|He o Be Al ded Aoz
AsdET
ZHALS|
o] =82 201795 AdHretgty e A AT
Aol 9ste] ATHAS
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