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Mechanism of thymol and carvacrol altering gut microbial
composition to inhibit diarrhea in lambs
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Abstract: [Objective] To investigate the effect of thymol and carvacrol on diarrhea,
short-chain fatty acids (SCFA), and microbial composition of Tan lambs, thus to provide plant
extracts-derived additives for the treatment of lamb diarrhea, and lay a theoretical basis for the
treatment. [Methods] A total of ten diarrhea lambs (diarrhea had lasted 2—3 days) were
randomized into diarrhea group (CON) and thymol and carvacrol group (SCAT). The lambs in
the SCAT group were supplemented with a mixture of thymol and carvacrol (1:1) at 200 mg/d
for 7 days. [Results] Thymol and carvacrol improved the daily weight grain, decreased the
diarrhea index, diarrhea rate (P<0.05), and concentration of serum pro-inflammatory factors
(P<0.05), and increased the concentration of intestinal butyric acid (P<0.05) of the diarrhea
lambs. Thymol and carvonol also changed the gut microbial composition of diarrhea lambs,
raised the relative abundance of Bifidobacteriaceae and Akkermansiaceae, and decreased the
relative abundance of Enterobacteriaceae. [Conclusion] Thymol and carvonol can improve the
relative abundance of gut probiotics and butyric acid concentration and reduce the relative
abundance of pathogenic bacteria, therefore, it can effectively inhibit lamb diarrhea, and can be
used as a new type of anti-antibody product for research and development.
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Table 2 Scoring criteria for diarrhea index of lambs
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Table 1 Basal diet composition and nutrient level
of Tan lambs

Items Content

Compositions (%)

Corn 32.60
Bean pulp 7.40
Millet straw 25.68
Medicago 29.32
Premix' 5.00
Amount 100.00
Nutrient level

Dry matter (%) 88.31
Digestive energy (MJ/kg)? 8.96
Crude protein (%) 11.20
Crude fat (%) 1.97
Crude fibre (%) 21.97
Crude ash (%) 5.40
Ca (%) 1.24
P (%) 0.40

! Premix is provided per kilogram of diet. VA 7500 IU, VD
1050 IU, VE 1000 TU, Fe 5.5 g, Cu0.5 g, Mn 5 g, Zn 4 g, Se
32.5 mg, 1 100 mg, Co 32.5 mg. * Digestive energy
calculated value.

Score Diarrhea Skin cleanliness around anus

Inflammation

0 Well-formed stools ~ Clean and pollution-free

1 Soft and pasty stools Relatively clean and pollution-free
2 Loose stools Fecal contamination around anus
3 Watery stools

No inflammation
Slight inflammation
Moderate inflammation and edema

Fecal contamination around the anus and inside the tail Severe inflammation, edema and ulcers
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Figure 1

Effects of thymol and carvacrol on growth traits and the concentration of inflammatory factors in

lambs. A: Average daily gain. B: Diarrhea index. C: Diarrhea rate. D: The concentration of pro-inflammatory
cytokines of TNF-a, IL-6, IL-1p and anti-inflammatory cytokines of IL-10 in serum. Data represent mean+=SEM.

*: P<0.05; **: P<0.01.
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Figure 2 Lamb diarrhea occurred in this study.
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Figure 3  Effects of thymol and carvacrol on changes in SCFA concentrations. Data represent mean=SEM. *: P<0.05.
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Figure 4 Effects of thymol and carvacrol on the microbiota composition, and BugBase phenotype of
microbiota in Tan lambs. A: Rarefaction analysis based on sobs index. B: Comparison of alpha diversity of
microbial communities at the ASV level. C: The PCoA analysis based on ASV level. D: The relative abundance

of microbes in family level. E: Linear discriminant analysis of LEfSe (LDA>3.5). F: Prediction of BugBase
phenotype of microbiota. Data represent mean+SEM. *: P<0.05; **: P<0.01; ***: P<0.001.
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Table 3 The relative abundance of gut microbiota at phylum level

Microbiota D0 _CAT (%) DO _CON (%) D4 CAT (%) D4 CON (%) D7 CAT (%) D7 CON (%) SEM P

Firmicutes 62.18 62.09 56.07 58.34 57.46 54.11 1.32  0.27
Bacteroidota 29.33 28.67 28.79 31.20 31.73 33.00 0.73  0.65
Spirochaetota 5.39 3.51 9.92 4.76 2.11 2.94 1.14 0.24
Verrucomicrobiota 0.79 1.19 0.67 0.97 4.05 3.13 0.58 0.00
Proteobacteria 0.63 2.17 0.56 1.47 0.85 3.50 047 092
Actinobacteriota 0.31 0.64 1.68 1.17 0.39 0.40 0.22  0.59
Patescibacteria 0.69 0.72 0.99 0.67 0.49 0.41 0.08 0.22
Campilobacterota  0.25 0.35 0.09 0.14 1.17 0.84 0.18 0.03
Fibrobacterota 0.09 0.30 0.44 0.65 0.45 0.81 0.10 0.90
Desulfobacterota  0.23 0.20 0.09 0.24 0.52 0.51 0.07  0.00

SEM: Standard error of the means.
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BOREEMERTS; H 0.2 mg/ml eI T L A
o ] 3 451475 4 PR 200 6 B D S e 4D i i R
B AT A A K E A ) n
1o $2 5 A AL W) 7 AL T (superoxide  dismutase,
SOD) i) IR BEAR/IN AL BE I, AR R 5+
TNF-o Fll IL-6 [ZRBINEIGIE SAE, JFrT B3
WAV 45 W R i [r) 285 B e e 70 1) A 236031 A g
FE 45 S F B T B RN A I BB A8 B A1 0 v b
7 TNF-o, IL-1p F1 IL-6 (¥, HEIR
7 TIL-10 MR BE,  DAITH0 il 98 RE 1 &2

T WA 7 AR i) SCFAs Al 32 43L 3 Wy g 1
L T TR A e, ZWIWESEUER] SCFAs
B 8 A VR T o HOAR TR A e HL iy A
A B Al S AR AR R N SRR T R vk
JE, e IR EIR LR TR B, R IER AT
AW R EER . T RRTE A TE T RERS IR Y H E A i
FMCR AN AR A ELAE , FERERE I I 1 pe b e
2 (hexokinase 2, HK2)#&ik, MIfe 17 iE bt ks
B, ZfaMaiERAE, &5 /1,
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TIRERREAS (2 2E Th 4™ A= 90 A+ IL-10,
FFAEHE CDA™T 4 AN 58 R Ik I 2 i (ILCs) i
IL-22 (R4 G R , AER5 i E RS
MRS, FEIA I RAEM & A B, THRER
A 3 3 A 7 P A0 B B R DR i R A o K rh
PRz 410 i B A1 2% 455 B 28 (neutrophil extracellular
traps, NETs)W % Wk i i il i 18 9 ) eAh,
W R T IRER K HiAth SCFAs FERpIE H IPLR
Y =2 i N IPE KRR R (endocannabinoids, ECs)
53, HWOisiEH SCFA F=A: B AEXTFEBE, Dk
DIBIESERTE Collinsella [AHXFF=EERS T &
oA H A T By RS TSR
T R EE , B E B A T BE 08 i o
P& 1 T IR MR B R A R i 1 A RE TR B
Yilp RS RER

W 3 Tl AE T 22 b i i A ot A vt 49 T
FE O BRI (Esherichia coli)/&)&
kT BB Enterobacteriaceae) ) 5 >4 FC B TH
AEf% ;= A i #4u(heat-labile enterotoxin, LT)AIANTi}
#(heat-stable enterotoxin, ST)% 8 K B 215 +
Wi bR b, Sl AL R A L T
- R A A BRI 3 R, TR ] 5 |
R, YEins R BREE. B
T8 TR A 0 R R AR & 5 3T 32 R AR SRORE 1 W e
(inflammatory bowel disease, IBD), 1t IBD HK&:
Wb, AR g TE AR 7 A A AR R i
A R A I BR T A T ARSI, 8 1 R0 18 AN AR 75
B AEFRUOP), FEARF T, E BB A T B e
i BRI 38 B AT R B (Enterobacteriaceae) il
DGR AR =E B, I3 B0 TR 7E 26 =F 1 18 1 e
JE . BESRERI, RUEH 3 (Bifidobacterium) g %
IS LA IL-10 S/ T2t Treg A1 ZRLAA
W, 5% Treg 4N SR PNHI DIRE, MM ZEME
JINBR A i SR s T R RUBE AT T 4 21 R R 72
% S 25 ek /N BRI T AR PO ZE B, 48 v AR A
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W -#AT & (Bacteroidetes) AT B, FH42 1
iH SCFA 772k, Gefift/ Nl RAE™ . sl
TE TP T ERER RE S R 1 - Bl A Sz, T RS
MR RS b T RRER A y-2 B T R
(gamma-aminobutyric acid, GABA)J 4y~
U B ARBES A IR RT, H WA T
RE 8 W % & & ol b WA W R
(Bifidobacteriaceae) AR £, XL AT HESE M
TE TRV T e VA D R P RN A
ol A PR T R B = K
(Akkermansiaceae) ¥ 1 " T P AEXT FJE o BB
4¥) BugBase RAIFUMZE L BIREE 7 K SCAT
0 = 18 G SR R A W A S B S T, 3R]
WEF BV U ST BRGNS 4R P 1 I RE 8
IR T FE I AR AU, (I T R DA
55, DT e A R S0 A Y B4

4 Hik

H R s e S FN e vl S 2 RIS o
JETGHRMIRTG Vo), BRI R R FRiEKF,
PR A Rk KF-, Rt T 4 s S A
HTER P A R AUBAT BB Bifidobacteriaceae) I AH
X RERAE R T T RV T, IR v ) e 2 R TA
(Akkermansiaceae)5s i £ TR AR XT F 5, il iz
R Enterobacteriaceae) ¥l X H B EFE , FETT
SRR RAE , W5 A B lcRE
J1, MRS ETER I, 25 Bk, BE
T3 R ) B T 10 G SE 0 2 AR AR 2, 1
Tz E TR A, IR G EIETE i kA, Ho]
VERVELE T AE =B A TR AW ST RN, H o
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