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# i (essential oils; EO) #_ B 3 % 4 f sherd kiRl 548
P B ET ST od 23 RERCFEM S L ¥
BT ARE AL I S T oM B B R
7 Y e R R R RSE Y ’]&4‘:#{%;‘% ¥ e
ik e &9 %% T 2 - & » Hernandez et al. (2004) % Alkassie
(2009) ** &k 7 x4 EO > &% P 3& 4 @ € - Mathlouthi et al.

(2012) ~ Bravo et al. (2014) ~ Sadek et al. (2014) %2 Zhuetal. (2014) 71
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M2 PFARFARATEHTRE LRI LA L 2R
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1991 ; Pradeep and Geervani, 1994 ; Platel and Srinivasan, 2000) ¢t
EO ¥ & 3 ¥ ie* (Hammeretal, 1999 ; Burt, 2004 ; Leeetal.,
2004 ; Sallam et al., 2004) -
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B2 A e Leeetal. (2004) & 74 EO > Frdlp #E 5
7% 2. 2 & o Tiihonen et al. (2010) Rldp 41 > % p Fpéeie e 7 v

EO > Mg RSP 3 H WP AF TREFEREFATEE CSBE
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LRTRAEZ B R AR 1 err (FR2 0 2008) -
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it EP SFARAGEF  FRDT AR EF s T 24
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2008) -
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A BB REF O EAEDES P IDF M R S L gL 0 B
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SHe
_“\

%4 w2 (Enfleurage method) e - #e BE2 B F o 2t iF g *
A 7 B D2 1R R LM s 0E LR ahde Ui > 0
PRI Lo LRI b Fgasojn oY b L ATH

2 FEE A ke BRI R RS B 0 B R 2 e A

PN Yo o o 2 (T
(- )

ot BALE (T4 B GER] > Bl ¥ N E AR E b o e NFE
ER= R TRUR & BN BERR Y L G L L L S (e &
maeA o oF TS a & 0 92 BR-1& *  (Dibner and Richards,
2005) - Heuer et al. (2006) 15 ) > 4 ,T e FH A E A 2 4R
Flho fhg  HAnEAL Bab G fiTE KB RL FHN
YL RBmFEE LI -

M FAEESAE TS ¥ A% 277 Bk - Steiner (2006)

A=

dpd BAEHE S 35 < & 0% F s (carvacrol) 2 F 2 4 s (thymol)
B4 P ERS R o M S sRATSe > RHFLEEM R R LB
(phenols) = pmE#g (aldehydes) = pk#g (ketones) > pz#g (alcohols)
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> @SE (ethers) B flmA~EAZ AL EF o EH e 77 7

FIEEEF T (2 D) FrE> 73 53k (% 2) o Hib 2 iF

AR RF)S MY LR ERT I A2 Mg RS R

Pt R T B BRI R ks RimF R T R ®
e
Hammer et al. (1999) 4 3 > % #obf b % 4~ 5 7 =E

£3% 9 § FkEL g Frdlier o Yanoetal. (2006) 45 I o 4 i e

250 Bdb T E S A REF R BLAA EE PF

T EAIE R Y~ Gk F2 & o Sadek etal. (2014) 45 4 0 T FpeR

Hre s 4e 150 2 300 ppm 2 A M A HR G P F 42 E T K

E-)
RS
5

e 5 3% B 5Lk A 7% #c o Leeetal (2004) A2 7 > %5 500
ppM 2 5 i ~ TR F B2 F X B o eI p R SO N A
% o Jang etal. (2007) 4 i > > p Fp&fc? i4c 25 2 S50 ppm 7oA H

AR B 3 N F S SR FE G B AR e 17 P

I o
yoobo h- R EE Y o @# * 100 ppm 4 F A5 2 300 ppm B

L

i > BFHUFLERY M B RFATE LX 2 RES

w®

.
Aok @ 200ppm F LA BIEHG G R F SR ARTERY

#
F

Sietal., 2006) - Alali et al. (2013) ¥ 3R » ** ¢ Fg4c-K @ 7 4 500
T
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ppm B2 A fs A F s~ e (eucalyptol) 2 & #5iR £ MM 0 ¥
CAA VAN SE UL RS S IR R R S TN L
F]° ¥ — 2 & > Tiihonenetal. (2010) Rldp 41 > % p Fpdenire i 4 20
pPM FELAME P BEERAHS EME BRSNS T

BRBIMEATRE S REAHTER

(=) 43 2
P B ¥ A 4 2 BUAE 5 phpe (rancidity) 0 H A& RF] 5§ 1oy

0 F PR R TAL AR WLy AR ETA LR
SR R F Akt ek (RH) A4 P (HY) @353
fap o & (fatty acid radical ; R-) > "g5fe p o FhiEm 2§ A0 iF5 i
pd & (peroxyl radical ; ROO-) ; % i A o AjEB¥ - fgipph2 JF
F )iy 3 (ROOH) » e ié 7 % — "q3pp) s Pg pfe p d 2h o 2
BEAR Y —iFF pd Aodept e F o A b BTGB
PgdkpL g Y& 0 T4 F s (chain reaction) o iEF Y & - H

RIELIEREE AR A A PR Bk o € R w2 g A
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Table 1. Major components of EOs that exhibit antibacterial properties

Common Latin name of plant source Major components Approximate References
name of EO % composition
Cinnamon  Cinnamomum zeylandicum Trans-cinnamaldehyde 65% Lens-Lisbonne et al., 1987
Oregano Origanum vulgare Carvacrol Trace-80% Lawrence, 1984; Prudent et al., 1995;
Thymol Trace-64% Charai et al., 1996; Sivropoulou et al., 1996;
y-Terpinene 2 —-52% Kokkini et al., 1997; Russo et al., 1998;
Chiom Trace-52% Daferera et al., 2000; Demetzos and
Py Perdetzoglou, 2001; Marino et al., 2001
Rosemary ~ Rosmarinus officinalis a-pinene 2—-25% Daferera et al., 2003; Pintore et al., 2002
Bornyl acetate 0— 172/0
Camphor 2-14 0/0
1,8-cineole 3 - 89%
Thyme Thymus vulgaris Thymol 10 — 64% Lens-Lisbonne et al., 1987,
Carvacrol 2—11% McGimpsey et al., 1994;
y-Terpinene 2—31% Cosentino et al., 1999; Marino et al., 1999;
10 — 56% Daferera et al., 2000; Juliano et al., 2000
p-Cymene

(12 @ p Burt, 2004).
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Table 2.Chemical properties of the essential oil constituents thymol, carvacrol and cinnamaldehyde

Thymol Carvacrol Cinnamaldehyde
Molecular weight 150 C,;H.,O 150 C, H,,O 132 C.H:O
Synonym 5-methyl-2-{1-methylethyl) phenaol 2-methyl-5-(1-methylethyl) phenol 3-phenyl-2-propenal
FEMA-GRAS 3066 2245 2286
FDA 21CFR 172.515 21CFR 172.515 21CFR 182.60 GRAS
Found in Thyme (Lamiaceae) Oregano (Lamiaceae) Cinnameon (Lauraceae)
Appearance White crystals Colorless to pale yellow liguid Slightly yellow liquid
Odor Pungent, caustic taste Thymol-odor like Cinnamon
Boiling point 233 237 246
Density, g/ml 0.969 0.976 1.048
LD, 980 mg/kg, orally rat 810 mg/kg, orally rat 2,220 mg/kg, orally rat
Stability Good Good Fair to poor
Structure
OH
CH = CHCHO
CH
H,CCHCH, H,CCHCH,
Biclogical activity Antimicrobial Antimicrobial Antimicrobial
Antiinflammatory Antiinflammatory Antiinflammatory
Antioxidant Antioxidant Antispasmodic
Antiseptic Antiseptic Cancer-preventive
Flavor Flavor Flavor

Hypoglycemic

17
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g8k % LiEAEY € A4 3 - fF (malondialdehyde ; MDA) > % #3
RF b2 ALY T g TRy MEERZ iR B EARG AT
ip A% F - Florou-paneri et al. (2005) # 3R » & = 7 L Fgéaii e i 4
100 2 200mg =+ Z 45 > EF S HRIGE L FW4C > % 036
2 QRARBBNTE LA *%&P’ro’]‘ﬁﬁﬁ" WL foEFER
¥ KT $ R o - Botsoglou etal. (2002) A p #éHir® 7 4c 50 2 100
ppm 2 I ’f»—%&«p—mj 4r 50 2 100 ppm £ I AF0d e H g p e
BOEEIRPIEY A Zfp 0 R BRAR M HERE

EfMEm P g L% AR kPR Y i £ ot X
Ped e P LAY g AR e g B E L EARY SRk A A
F o ELTEF CALES D K E g iEE o

A NP R gl TR o R E RV A 5 (1)
pod XA (2) ﬁiﬁ@'li“i%%fi’?' ;(3) AEA S (4) BF 4 ¥

A,\ ﬁq:f)lfl o

1. pd 5%k & (free radical terminator)
S P R Er e g B R VR R BT WLy

AL EF Cpd A FHEAEFRYF R (Leeetal, 2004) -
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2. Bk A& fr‘)s?l (reducing agent or oxygen scavenger)

LREEHTRFSFET AT L REHIT K L

o
>
e
3

=
B

et}
™

e
T

{

NS
W

wht

2008 ; Leeetal., 2004) -

3. A& (chelating agent)

Hi o BT S AR AL B A T R & RS en
WwE VAL o FEOPEERd AF s > R dRE LT (FF
% 4 » 2008 ; Kittss, 1997) -

4. E3 i3 & f2& (peroxide decomposers)
A ¢ et g4 0 TRLESF LB AR B EES T

oo fRd R R BB AT (20 2001) B FLF o2 E oo

o ¥ X zﬂ};rsgju'a;; LA RS % WH P ARG

FEY o m AR F A Iy Pk T AR IEY > QTR

(2) Flgeil A A 2 il
Mellor (2000) # Platel and Srinivasan (2000) 7 i > #F i 2 44
2B RES A SF ) LS TRCIE 1 13 - T SR i R W VR A o

+
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J it # 5 (Pradeep et al., 1991; Pradeep and Geervani, 1994) - Glatzel
(1968) # 7t > A fdac MEErER 2 § R A > T REAGI o T b R
AP = e g T gctE 4 4 s (Bhat et al., 1984 ; Bhat and Chandrasekhara,
1987 ; Sambaiah and Srinivasan, 1991) -

e 2 ARRBERA GV F27 5% R T P () flEF
BRA PR S R B R bn g i e e o 42 s EE (mint) 2 & A
(cumin) 357 2 % &5 A sz (2) TIEOEERE B h o L EEA S ¥
EECAIES T S U S £ R P A S ML AP P 8
{1 (Platel and Srinivasan, 2000, 2004) - Jang et al. (2007) 45 41 » > P
Fr4oice e 25 2 S0ppm fEE TR G FE 0 B2 B ad K42
oo ek 4cd B 7 E B0 ppm M AR e B E B LR Y W v B
ML Y2 i &5 fEEF S e Lee et al. (2003) R FAHELR 4
FRLAP P REE FFLABLF LY R A > 221 p &pF

#

e

BER R LN AR HBE G RF 2] BB TEN - 5 40
P#CPE s RS B R A BARESTHRBE ) F RS 2] S
6 S o

¥ ¢t > Krogdahl (1985) 4 IR > % if ¥ e 59 K228 > @ *% 117y
i it o e T A BB E RF T MR RAR IR AR F
U
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Hernandez et al. (2004) 4 35 > &3+ 7 e KRB R FLgIAZ D
g &k )it 5 o Leeetal. (2003) %2 Jang et al. (2004) % 3R > &
PRk o R R IS 0 BREE 0 Fle R R 9 FARRES ) A

SRR E S SR AR

1 PR L SR

Kohlertetal. (2000) 3 171 fgdedFd @ & i =0 o 2 s ~ (&
IR PR R FLECEUE S B GE LA Al SuLbE I SRR L S
RS > RS TRMU Y B MR A ERT T U § il
#died %:“‘}%",f'}’fﬁﬁ LRpEo 2 TN o A HFERT
Austgulenetal. (1987) 45 41 » %3 + & pjR= 274 € 1 mmol 7
LHEfE TR BERMT 0 RHAFSERREERD 24
RN EP RS A8 S RIRY P R AHARRD o 4 TR

BRLAPY MRS VD - Peters and Caldwell (1994) # 3R > &
RE B p R BAm D24 ) PRRLA R R P 0 N T2 IS
W 2% T8 DR ERET M) o P EFEL AL EHEY S B
Fe » dEiple iEF A 2 B A (cinnamic acid) » £ 7 A 1 ¥ gy ik
REABFRP o d O A NBPE B E BT AT
FIL o ok FIEE B rR R A F 228 (Vogt and Rauch, 1991) -
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Jenneretal. (1964) 45 1 > 4 % fs ~ f 1EfE2 2 A f- 0 % Behg
e RA PRk 5% FME L0 PR LDs ~ %] & 8102220 2 980
(mg/kg #8 € ) - ¥ ¢t > Haganetal. (1967) 45 & » -] &4k 4>z 1,000

I 10,000ppm F 2L A fr 2 idS ARt 19 o T A B IR F P % o

L ErRAHE R AL PN
BERFR MM HTE A EMEN 2D 6 28 (Bassett, 2000 ;

Langhout, 2000 ; Alkassie, 2009) - Zhu et al. (2014) 45 21 > »* p Fp4evr
® Z#v 100~200 * 250 ppm B2 AoM 0 4L B PRI LR A
PR AR E 8 € mF250 o Roofchaee et al. (2011) 4 ) - >t ¢ 3¢
S i 4e 600 ppm 2 3 BB P IS E (223 42 p &) 3

AP RS E AR U RERAS A FF A E AR E K
Bravo et al. (2014) ** & 7 4v carvacrol ~ cinnamaldehyde %
capsicum ;& & ¥ o % F ¢ Fpdg £ 2 &4 * s - Sadek et al. (2014)
Fpdt o R FEAY 54 300 ppm 2 AR o HP L -~
FeE R AR saF m B A5x4 150ppm B2 A M o BIEK
BRI E 2 A ag > 23 B 5 £ - Alkassie (2009)
dpdt o 3 Fder? 4 100 2 200 ppm B L A X P AR 0 B
POAEHE AR e & 2 A o 0 ¥ o3 Rk 0 T FLAE
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6W“Hmmmﬁﬁéﬁiiﬁﬁ’ﬁ%#ﬁﬁﬁaﬁﬂﬂy4
(Mathlouthi et al., 2012) - Hernandez et al. (2004) 5 ) » % p Fpéefer e
Fr4e 200 ppm oA (£ 3~ f 4% ##4) % 5,000 ppm i (F 2
A B ARAZEREL) RJLEARTEHBREDG RIE2ZHE AR

a2 AR ok jakd % I 3 B ¥ - Mathlouthi et al. (2012) 4

d

DAY e AR RS RO RS E 0 A 2 2R R
" 142 o Allenetal. (1997) 45 1 > o5 s 2 AsTa IR A p FRae 7
4v 119 ppm i (FPeE 1,8-1A ) 0 R 4Iﬁﬁ£’./’]‘ Su b AR T
Aijpdele o MEFRGAHE S A AR BRA G oMb EHE L

Foxiddam iR 2% Bassett (2000) % Langhout (2000) 3

SRR R BREZEBEE Y AL FRL 2 AEPE H

B KA RMOBeIed o #F b B3 S b RS R R KB

RFR2ZFE vl AR EERT 2P
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HRLE 2
— N ;4‘%‘56}—
(- ) fEog
E# AL (Lamiaceae) (F 24 ~2 212 % 3) 2 4t
(Lauraceae) (F 1£) & #a @ * FAg:2 3 B2 fe 4~ 4% (essential oil)> =
A 0 Bk RIRE 2L ded 4 AT
B 2% (Thyme; T)
2. £ (Cinnamon ; C)
2 (Oregano ; O)

4.i%% 4 (Rosemary ; R)

(= )@=t
100 33 € $2 & 4 (Arboracres) #ip g (K & %)) &% 3B x50
Thgp e d o 17 pdepE o N E P EBEApiT2 o p 3308 0 &

o2 bmale FEJL6EA LA 1N

(= )ik &

WHRAFAALIED L2 I B ERLZARS S FRLAZTE

\\\xr

e NRC (1994) P g% £ » X drdk 3977 o T faidk e s &

G AR (1) 7 Aol 3 () e 200 ppm F L F i (T) S
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(3) 7 4r 200 ppm g @ (C); (4) 7 4 200 ppm £ 3 #@  (O); (5)
/,’]‘ 4 200 ppm iF =% é b (R) ) //9‘ Se b P o %&)ﬁa@iéﬁﬁi'ﬂ v T //9]‘

by 2 &

Jan

¢ ¥ g TR o

(z)frd % ¢ 22 ik

L0 P ARE o E BT aE (298 m X 1.47 m)
PSR LRM BEREVTARFREE RELATRET 0 REFY
SRP o &R T A7 p#SRE S N P EBRMEApiT O F 3033 49
A RBHEE (A0ecm x26cecm X 40em) poo R KT 2R G jTL &
PR Ak EREA o 2L E 36 PSR

17-36 P #6F (% 203%) & pisékbs g €@k % 17-34
P 3N uEY x4 0.5% - % fLﬁ:’rT'Ffé\a‘ﬁﬁiﬁf'J » 7.5 23-32 p # 7
(2 10=)> Fp ek ERTELE S » BIL 4 20C F5 0 1
A

WS APFRILL L CORY > * ZH KPP LR g R
(Meckel’s diverticulum) £ 3% 5 4p 4%/ (ileal-cecal junction) R & s
10 cm e B 47 0 2 WA o gk ? kAR 0 02 2200 Ak e UK
RIZILE 2 g isz Joo Frif v 5o X2 3Bk v H 2 P
B B 2 TR A (PREAR A% B R

Z pH E -



% 3. R# e (B%-)
Table 3. Composition of basal diet (trial 1)

Age, day 0-16 17-36
Ingredient, %
Yellow corn 52.46 61.24
Dehulled soybean meal (47% CP) 30.08 21.80
Corn gluten meal (60% protein) 8.00 8.00
Sodium chloride 0.35 0.35
Soybean oil 6.30 5.00
Monocalcium phosphate 1.70 1.21
Calcium carbonate 1.64 1.60
Choline-ClI (75%) 0.15 0.05
DL-Methionine 0.10 0.00
L-Lysine-HCI 0.00 0.20
L-Threonine 0.00 0.03
Vitamin+ Mineral premix? 0.50 0.50
Butylated hydroxytoluene 0.02 0.02
Total 100.00 100.00
Calculated values
ME, kcal/kg 3117.45 3193.80
Crude protein, % 23.05 19.70
Crude fat, % 7.51 7.70
Calcium, % 1.03 0.91
Available phosphorus, % 0.46 0.36
Methionine + cysteine, % 0.93 0.74
Analyzed values, %
Crude protein 21.36 18.59
Total fatty acid® 7.00 7.13

Provided per kilogram of diet: vitamin A, 12,000 IU; vitamin Ds, 2,000 IU; vitamin E,
40 1U; vitamin Kz, 4 mg; vitamin By, 1.5 mg; vitamin B, 5 mg; vitamin Bg, 4 mg;
vitamin Bj,, 0.05 mg; niacin, 25 mg; pantothenic acid, 16 mg; folic acid, 1 mg; biotin,
0.2 mg.

2 Provided per kilogram of diet: Fe, 150 mg; Mn, 40 mg; Zn, 100 mg; Cu, 20 mg; Se,
0.3mg; I, 1 mg; Co, 0.3 mg.

% Total fatty acid=C16:0+C18:0+C18:1+C18:2.
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Fo 4 FERT N AL
Table 4. The composition of experimental essential oil

EO Major components Approximate % composition
Cinnamon cinnamaldehyde 83.0
Oregano carvacrol 37.8

thymol 13.4
p-Cymene 7.9
Rosemary a-pinene 10.0
camphor 4.0
1,8-cineole 49.7
Thyme thymol 22.7
carvacrol 17.0
p-Cymene 9.1

(FEXARAFF AT a4 F%E7 > 7 A)
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(I )R &a 47

1. e 39 FR =

LS B s 0 & {5 600C 0 48 /) iz (UFE, Memmert
Company, Germany) & » Elmif3 5 & 5 ) 7 4 504 i 50% (Freeze
dry system, Labconco Company, U.S.A) & » Blmif s o & %P 2 -
v 7z £ (AOAC, 1984) - ##P~if £ 1k & > 1 Kjeldahl ;2 5 rrpg & 2
fs o X AR (Kjeltec system-8100, Foss Tector, Sweden) 7
M Rt BlTRSY RF R DA Ry FE A (N%X

6.25) °

2. oA Rl R

% P& Sukhija and Palmquist (1988) 2. = /2 > B~sg # 2 4L ~ £
e IR S ﬂJ‘ 4v pentadecanoic acid (C15:0) (Matreya, Inc.,
U.S.A) i® % p & (internal standard) > & * benzene - methanolic HCI
2 K COz H#tie 5@ P ippe @ ZR14 > L g 4p K 471k (GC-1000 > ¢ R
BATALE > 5 %) T2 &P B o &1~ GP 14% SP-2330 GC
packed # v g (& 2 = = »100/120 mesh-OD 3.175 mm> ID 2.16 mm >

Supelco Inc., U.S.A) - oven ;g & % /= » v ;& » W] 5 100 2 240C -
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3. ZF MEERBT

s EE RSP TS sER 2447 0 & Shortetal.
(1996) =itz = 2 o B-X 029 kS E 0¥ HE7 >+ 600C A i 13
JpEe AR s 4 10MLT7AM FRA T H3EP 0 B E S BT AR
B ARE FIRMEF (KZEIRT AR 120 2 48) 0 4
gris o @~ 7 X 25ml FAk R Y o iR T 100mL 7AYo

£ 4er 20mL30% #EF & 0 T RRR I EARTE T 100mL - 1Y

&k R 3+ (Hitachi U-2000, Japan) v & 410 nm T Rl 2k & -

4. X FRpRiR =

¥ Q& Bk & 2 A 47 & Marquardt et al. (1983) #if 2.
2 2 P~% 0059 #&0 B ~ 250mL = £ > 4e» 100mLpH % 9.3
2. 0.1 Mglycine buffer - »+ 40C RF - | Fis#&E o ot B EFIR
B~ 15mL g P > 535% wF peipir e E D 15 mLe 2k 3
< % (Z200A, Hermle Labortechnik, Germany) »t#t.< 4 4,185 x g
(6,000 rpm) T Hro 15 4 4Bodps 8 B b ik o 1 e Sk sk B3 (U-2000,

Hitachi, Japan) *tj& & 285 mm ™ Bl 2k & o

29



5 A 1 FAe 2 pH R T

LB~ 1gvkd )52 7 5P F 4 0 14 phosphate buffer saline
(PBS) & {7 10 & #c2 i@ 7 - B~ )75 i/ 30-300 2 ¥ 418 & #c
2 ImL e (ABEFHRKRFE) A G Ended o Fhon
Pz AR FPERFE S5 FA W * MRS agar (Difco) #
Chromocult coliform agar (Merck, Darmstadt, Germany); MRS agar ¥ »
128 46 ¢ (Firstek Inc., Taipei, Taiwan) 12 37°C 35 4% 48 /| p% >
Chromocult coliform agar ] 2 12 37°C#2 % 24 -] (Jinetal., 1998) -
BENUE QP FHFIBREY 77 2 FE Bl (log cfulg) # 1 2 o

FE L2 RSP R ANREEI I 2R R
fadgk & B 2%k (1Q Scientific Instruments, Inc., Taipei, Taiwan) p] Z_pH

7L
R

(> )ds st &

1 s it &
MR L 2P F P P pRIR R B AR R 2 B A H

fedtrg e 2 2 g g
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SRR () ()=

sk R (D x E@ Gep z24) ik r (%)
100 - 100 x

L (e5p ) &0k (b)) x i ppik ik (%)

2. Fw FiF 2 EHEF
b LI 2P B4R RELE RREECRR Y B A ELR

NI FRER @Y FE G TR

(1) 3 TEHF (%)=

st kR (%) x BT F kR ()

100 - 100 x
£ igsikr (%) x 4 kAR (%)

(2) 30 Fryg) g (%)=

kR () x (KU FERE O RMEER (D)
100 - 100 x

L4k () x s kR (%)

@) 7 i 3 FERE ()=

E R RS
x 100

Foo B F (%)
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(4) #v FayigrF (%)=

s kR () x a3 kR (%)
100 - 100 x

1\], W% ]]\ ?,‘}'ﬂ /%)i (%) X 'éf’—j‘fi‘} /kg (/0>

(= )sess A~ 47

= p % RN T '/ SRR s (MIXED) &7 £4F Pl 2>
i HH-ZH (compound symmetry, CS) » & B (unstructured,

UN) % - rgp 63t j 524 (autoregressive order one, AR[1]) = 5% %
& 0 TR PEE L 3§ BIC (Schwartz’s Bayesian criterion) % ¥ (&
B S8 (3% 2012) 0 SN AN o PR IO R B K

T (e o okl fuki® (P<0.05) » | Tukey i » il %%

2 A R R R 2 e By B T TS i (least
squares means) % 7t 2. o | * Xt 4 47k Lu (Statistical Analysis
System; SAS, 2000) = Z#c%8 > 11 - AR A2 5 (General Linear
Model Procedure, GLM) & 7 %3 A 45 o 4rid®3c i 8 % (P<0.05) »

P2 Tukey i > B2 2 22 £ B o
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Iy

T RS
(=) o s
BR%k- o
(=) @K
R E Rk 5 BAT (Ross) o R v KRR - F ko

(Z) 5% &t

FIRSRA MR b (AR I B) v R ks -

—‘F‘TP\—’" v B ek 5 AT o

(r) &% F 22 5&K

2444 p#LFY (221 %) Fop gL T 2 S

) % 32-41 p #3t&e i 4e 0.5% = F 1t 41T S dpon A

# 5 A#HLfmEs (F%kZ)
Table 5. Composition of basal diet (trial 2)

Age, day 0-16 17-44

Ingredient, %
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Yellow corn 51.23 58.11

Dehulled soybean meal (47% CP) 38.49 32.23
Sodium chloride 0.35 0.35
Soybean oil 6.30 6.30
Monocalcium phosphate 1.85 1.35
Calcium carbonate 1.33 1.32
Choline-ClI (70%) 0.10 0.10
DL-Methionine 0.17 0.05
Vitamin premix* 0.07 0.07
Mineral premix? 0.10 0.10
Butylated hydroxytoluene 0.02 0.02
Total 100.00 100.00
Calculated values
ME, kcal/kg 3098.34 3162.55
Crude protein, % 22.99 20.39
Crude fat, % 8.69 9.03
Calcium, % 1.06 0.93
Available phosphorus, % 0.46 0.37
Methionine + cysteine, % 0.90 0.72
Analyzed values, %
Crude protein 21.39 18.87
Total fatty acid® 7.69 7.90

Provided per kilogram of diet: vitamin A, 25,200 IU; vitamin D, 3,150 1U; vitamin E,
56 1U; vitamin Ks, 4.2 mg; vitamin Bj, 4.2 mg; vitamin Bz, 10.5 mg; vitamin Bg, 7 mg;
vitamin B, 0.07 mg; niacin, 56 mg; pantothenic acid, 28 mg; folic acid, 1.75 mg;
biotin, 0.14 mg.

2 Provided per kilogram of diet: Fe, 90 mg; Mn, 100 mg; Zn, 90 mg; Cu, 15 mg; Se,
0.15mg; I, 1 mg; Co, 0.25 mg.

® Total fatty acid=C16:0+C18:0+C18:1+C18:2.

FREL BURFR PRI REREBR-HR o
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Ay e RofE b $ P S (day 17-36) 3 £ 2 AR xS R AR
oY R4 CZ2 RYBEEFRFHEEHESE (P<005) »#¢ 2R
»c % B £ (P<0.05) -

i e R R SR T S0F A E 2 B £/ F 6 2 W 8
it 0 TR p AR G BACE] 7 AT o AT 4 A o SR B

ToaFHE - ToF pAPRIEZ TR GH P RREF R

B b R4 C 2 R Al G REE T ZE AR

=k

a o
(=) "a*ppe2 30 frf 5
Y B B R AR B R R B
6O ERF LB PR T AT o B RN Y R B2 CL8
Eas BT ML (P<005),/, e T C2 RYMFRB BB
A Apfoidpp s C18:1 2 2B it 4 (P<0.05): i *c 3 4 iv 31

Cl6:0 2. 2 i it FPlalgF Lo
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06 &Y Facd R HHE 2 LR (17-36 P &) 2B GER-)

Table 6. Effect of supplementation of different essential oil in diets on growth performance (day 17-36) in broilers (trial 1)

Item? Control T C 0 R

SEM P-value
Initial body weight, g 292.3% 307.2% 322.3% 289.8° 323.0° 7.81 0.01
Final body weight, g 1084.0 1145.3 1271.3 1077.7 1247.3 59.76 0.10
Weight gain, g 791.7 838.2 949.0 787.8 924.3 59.81 0.22
Feed intake, g 1358.4° 1343.7% 1678.9° 1347.7 1747.2° 79.05 <0.01
Gain/feed 0.58 0.59 0.56 0.58 0.53 0.02 0.29

'T: thyme ; C: cinnamon ; O: oregano : R: rosemary.
Data in the same row with different superscripts differ significantly (P.<0.05).
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Figure 6. Effect of supplementation of different essential oil in diets on average weekly body weight in broilers (trial 1).

Treatment effect : P = 0.44 (SEM =39.31) ; day effect : P <0.01 (SEM = 21.38) ; treatment x day effect : P = 0.61 (SEM = 47.82).
T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.
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Average daily feed intake, g
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Figure 7. Effect of supplementation of different essential oil in diets on average daily feed intake in broilers (trial 1).

Treatment effect : P = 0.05 (SEM =4.79) ; day effect : P < 0.01 (SEM = 2.75) ; treatment x day effect : P =0.86 (SEM = 6.16).
T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.
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Average daily gain/feed, g

Day
B 8. &ird o A HE T OF GH /IO L PP (RR-) -
Figure 8. Effect of supplementation of different essential oil in diets on average weekly gain/feed in broilers (trial 1).

Treatment effect : P =0.18 (SEM =0.02) ; day effect : P=0.03 (SEM =0.01) ; treatment x day effect : P =0.73 (SEM =0.03).
T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.
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EHFO0) LB GER-)

Table 7. Effect of supplementation of different essential oil in diets on fatty acid and
protein total tract digestibility (%) and protein retention (%) in broilers (trial 1)

ltem? Control T C 0 R SEM  P-value
TFA? 90.867  92.71°  9347°  9137°  93.02" 0.3 <0.01
C16: 0 85.33 87.00 87.59 86.65 87.03 0.76 0.32
C18: 0 11.93°  22.82* 35307  18.20°  28.58° 2.09 <0.01
c18:1 84.23*  89.32°  90.14°  85.00°  89.60° 0.59 <0.01
C18: 2 99.43*  99.38%  9953"  99.29°  99.49*  0.06 0.05
SFA3 7253 7581  78.48°  74.72°  76.84™  0.82 <0.01
USFA* 94.75°  96.29°  96.64°  9490°  96.45° 0.18 <0.01
PR® 56.46°  58.81°  59.69°  57.16° = 50.62° 0.79 0.03
PD® 7590  77.35®  78.44°  76.31%  7821° 0.67 0.05
DPR’ 74.36 76.03 76.07 74.87 76.20 0.65 0.21

T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.

>TFA: total fatty acids (C16: 0+C18; 0+C18: 1+C18: 2).

3SFA: saturated fatty acids (C16: 0+C18: 0).

*USFA: unsaturated fatty acids (C18: 1+C18: 2).

°PR: protein retention (protein retained/protein intake, %).

°PD: protein digestibility (protein digested/protein intake, %).

"DPR: digestible protein retention (protein retained/ protein digested, %).

®Data in the same row with different superscripts differ significantly (P < 0.05).
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Table 8. Effect of supplementation of different essential oil in diets on fatty acid and

protein ileal digestibility (%) in broilers (trial 1)

ltem? Control T C 0 R SEM  P-value
TFA? 89.92*  91.97°  92.77¢ 90.47°  9245% 0.1 <0.01
C16:0 78.02°  84.16°  85.03" 78.78°  84.09 0.40 <0.01
C18: 0 66.17°  81.81°  86.09 75.65"  87.32¢ 0.73 <0.01
C18: 1 88.17%°  88.89*  90.47° 88.42°  90.19° 0.29 <0.01
C18: 2 9450°  95.46° 9573 94.65°  95.45° 0.08 <0.01
SFA3 75.95°  83.75°  85.21° 78.24°  84.65° 0.41 <0.01
USFA* 92.88°  93.71°  94.37° 93.06°  94.11"  0.10 <0.01
PD° 76.75%  78.18°  79.10° 77.20®  78.76° 0.25 <0.01

'T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.

*TFA: total fatty acids (C16: 0+C18: 0+C18: 1+C18: 2).
SFA: saturated fatty acids (C16: 0+C18: 0).
*USFA: unsaturated fatty acids (C18: 1+C18: 2).

°PD: protein digestibility (protein digested/protein intake, %).
®dData in the same row with different superscripts differ significantly (P < 0.05).
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9. &M e oAb SR RS E AR 2 pH 2B ()
Table 9. Effect of supplementation of different essential oil in diets on intestinal microflora and pH in broilers (log CFU/qg) (trial 1)

Item® Control T C 0 R SEM P-value
Crop

Lactobacilli (L) 8.64 8.46 9.45 8.87 8.11 0.46 0.37
Coliforms (C) 4,50 4.62 4.92 5.42 4.69 0.24 0.44
L/C 1.91 1.67 1.81 1.43 1.70 0.17 0.66
L+C 12.42 8.91 11.88 9.22 11.99 1.07 0.11
pH 5.25 5.44 5.00 5.06 4.85 0.22 0.40
Small intestine

Lactobacilli (L) 6.70 5.37 6.38 6.17 7.03 0.89 0.31
Coliforms (C) 4.26 4.11 ! 3.92 3.82 0.84 0.99
L/C 1.52 1.31 o 1.56 1.82 0.22 0.53
L+C 5.88 6.87 6.38 7.03 8.51 1.10 0.60
pH 6.29 6.25 6.21 6.26 6.08 0.09 0.50
Caeca

Lactobacilli (L) 6.54 8.84" 8.25% 8.45" 8.27" 0.40 0.01
Coliforms (C) 6.70 6.00 6.47 6.39 6.23 0.38 0.81
L/C 0.95 1.35 1.33 1.34 1.33 0.10 0.06
L+C 13.04 15.84 15.01 14.83 14.66 0.63 0.16
pH 6.51 6.37 6.34 6.31 6.41 0.09 0.58

'T: thyme ; C: cinnamon ; O: oregano : R: rosemary.

ZNot detected.

®Data in the same row with different superscripts differ significantly (P < 0.05).
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Table 10. Effect of supplementation of different essential oil in diets on growth performance (day 27-44) in broilers (trial 2)

ltem? Control T C o) R SEM P-value
Initial body weight, g 1634.3 1648.3 1640.0 1610.3 1647.3 17.44 0.55
Final body weight, g 3306.2 3404.3 3370.8 3307.0 3456.0 54.70 0.27
Weight gain, ¢ 1671.8 1756.0 1730.8 1696.7 1808.7 49.64 0.36
Feed intake, g 3283.7 3364.7 3345.3 3256.8 3405.7 65.13 0.50
Gain/feed 0.51 0.52 0.52 0.52 0.53 0.01 0.67

'T: thyme ; C: cinnamon ; O: oregano : R: rosemary.
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Figure 9. Effect of supplementation of different essential oil in diets on average daily body weight in broilers (trial 2).

Treatment effect : P = 0.82 (SEM = 78.47) ; day effect : P <0.01 (SEM = 35.84) ; treatment x day effect : P = 0.46 (SEM = 80.15).
T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.

“P <0.05 vs. control.
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Figure 10. Effect of supplementation of different essential oil in diets on average daily feed intake in broilers (trial 2).

Treatment effect : P = 0.83 (SEM =5.93) ; day effect : P < 0.01 (SEM = 3.38) ; treatment x day effect : P = 0.58 (SEM = 7.57).
T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.
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Figure 11. Effect of supplementation of different essential oil in diets on cumulative feed intake in broilers (trial 2).

Treatment effect : P = 0.86 (SEM = 6.56) ; day effect : P < 0.01 (SEM = 3.06) ; treatment x day effect : P =1.00 (SEM = 6.84).
T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.
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Figure 12. Effect of supplementation of different essential oil in diets on average daily weight gain in broilers (trial 2).
Treatment effect : P = 0.68 (SEM = 4.22) ; day effect : P < 0.01 (SEM =4.37) ; treatment x day effect : P =0.35 (SEM =9.78).
T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.
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Figure 13. Effect of supplementation of different essential oil in diets on cumulative weight gain in broilers (trial 2).

Treatment effect : P=0.71 (SEM = 4.70) ; day effect : P < 0.01 (SEM =2.37) ; treatment x day effect : P =1.00 (SEM =5.31).
T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.
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Figure 14. Effect of supplementation of different essential oil in diets on average daily gain/feed in broilers (trial 2).

Treatment effect : P =0.56 (SEM =0.01) ; day effect : P < 0.01 (SEM =0.02) ; treatment x day effect : P = 0.35 (SEM = 0.04).
T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.
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Figure 15. Effect of supplementation of different essential oil in diets on cumulative gain/feed in broilers (trial 2).
Treatment effect : P =0.37 (SEM =0.02) ; day effect : P < 0.01 (SEM =0.01) ; treatment x day effect : P =0.93 (SEM =0.02).

T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.
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Table 11. Effect of supplementation of different essential oil in diets on fatty acid and
protein total tract digestibility (%) and protein retention (%) in broilers (trial 2)

ltem? Control T C 0 R SEM  P-value
TFA? 9259  94.25° 94.50° 93.83" 94.65°  0.23 <0.01
C16:0 86.55°  88.37" 88.65°  89.27° 88.89°  0.58 0.03
C18: 0 50.91*  58.04° 61.42° 58.61° 62.53°  1.45 <0.01
c18:1 87.08%  91.54° 91.60° 89.36°  91.86"  0.68 <0.01
C18:2 99.52 99.47 99.59 99.47 99.59 0.04 0.21
SFA® 7732 80.52° 81.60° 81.33" 82.06°  0.72 <0.01
USFA? 95.74%  97.09 97.17" 96.41* 9725 0.21 <0.01
PR’ 58.21%  62.79° 63.13" 61.14*  63.40° 0.71 <0.01
PDS 76.62°  80.09° 80.79" 78.74%  8136°  0.77 <0.01
DPR’ 75.95 78.43 78.15 77.65 77.96 0.75 0.19

T: thyme ; C: cinnamon ; O: oregano ; R: rosemary.
>TFA: total fatty acids (C16: 0+C18; 0+C18: 1+C18: 2).
3SFA: saturated fatty acids (C16: 0+C18: 0).

*USFA: unsaturated fatty acids (C18: 1+C18: 2).

°PR: protein retention (protein retained/protein intake, %).

°PD: protein digestibility (protein digested/protein intake, %).

"DPR: digestible protein retention (protein retained/ protein digested, %).
®Data in the same row with different superscripts differ significantly (P < 0.05).
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Table 12. Effect of supplementation of different essential oil in diets on fatty acid and

protein ileal digestibility (%) in broilers (trial 2)

ltem? Control T C 0 R SEM  P-value
TFA? 92.33%*  93.25° 93.49° 92.84° 93.48° 0.1 <0.01
C16: 0 80.93*  84.72° 84.65 81.86° 84.38°  0.32 <0.01
C18: 0 82.83"  89.52° 91.39°  87.45° 92.49°  0.40 <0.01
c18:1 90.85 90.64 91.39 91.25 91.48 0.26 0.15
C18:2 95.69 96.08 96.04 95.85 95.72 0.13 0.14
SFA® 81.42°  85.97° 86.40°  83.31" 86.48°  0.30 <0.01
USFA* 94.58 94.75 94.96 94.80 94.91 0.11 0.14
PD® 80.43*  81.99" 83.46° 81.25%  82.84™  0.32 <0.01

T: thyme ; C: cinnamon ; O: oregano : R: rosemary.
>TFA: total fatty acids (C16; 0+C18: 0+C18: 1+C18: 2).
3SFA: saturated fatty acids (C16: 0+C18: 0).

*USFA: unsaturated fatty acids (C18: 1+C18: 2).
>PD: protein digestibility (protein digested/protein intake, %).
Data in the same row with different superscripts differ significantly (P < 0.05).
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Table 13. Effect of supplementation of different essential oil in diets on intestinal microflora and pH in broilers (log CFU/qg) (trial 2)

ltem* Control T C 0 R SEM P-value
Crop

Lactobacilli (L) 10.84 10.42 10.42 10.38 11.22 0.28 0.19
Coliforms (C) 5.29 5.62 5.31 5.24 5.04 0.30 0.75
L/C 2.07 1.86 1.99 2.03 2.26 0.13 0.37
L+C 16.14 16.04 15.73 15.62 16.27 0.40 0.76
pH 5.20 5.39 5.29 5.15 5.17 0.10 0.41
Small intestine

Lactobacilli (L) 7.36 7.89 7.91 7.85 7.63 0.36 0.79
Coliforms (C) 4.45 4.60 4.17 4.48 4.40 0.24 0.78
L/C 1.66 1.73 1.94 1.79 1.77 0.14 0.71
L+C 11.81 12.49 12.09 12.34 12.04 0.39 0.77
pH 6.20 6.24 6.32 6.30 6.20 0.06 0.49
Caeca

Lactobacilli (L) 9.32 10.29 10.09 10.69 10.64 0.45 0.25
Coliforms (C) 7.58 6.89 6.81 7.53 6.98 0.39 0.49
L/C 1.25 1.50 1.52 1.44 154 0.11 0.32
L+C 16.91 17.18 16.90 18.21 17.62 0.56 0.44
pH 6.34 6.33 6.51 6.38 6.43 0.06 0.24

'T: thyme ; C: cinnamon ; O: oregano : R: rosemary.
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Table 14. Effect of supplementation of different essential oil in diets on growth performance in broilers (trial 1 and 2 combined)

Item® Control T C o) R SEM P-value
Initial body weight, g 963.3 977.8 981.2 950.1 985.2 18.17 0.64
Final body weight, g 2195.1 2274.8 2321.1 2192.3 2351.7 56.05 0.18
Weight gain, g 1231.8 1297.1 1339.9 1242.3 1366.5 44.82 0.16
Feed intake, g 2321.1%* 2399.7% 2512.2%® 2302.3° 2576.5 64.44 0.02
Gain/feed 0.55 0.55 0.54 0.55 0.53 0.01 0.63

'T: thyme ; C: cinnamon ; O: oregano : R: rosemary.
®Data in the same row with different superscripts differ significantly (P < 0.05).
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Table 15. Effect of supplementation of different essential oil in diets on fatty acid and
protein total tract digestibility (%) and protein retention (%) in broilers (trial 1 and 2

combined)

ltem? Control T C 0 R SEM  P-value
TFA? 91.72*  93.48° 93.99° 92.60° 93.84°  0.13 <0.01
C16:0 85.94°  87.69% 88.13"  87.96" 87.96°  0.47 0.01
C18: 0 31.42%  40.43° 48.36°  38.40° 4555 127 <0.01
c18:1 85.65°  90.43° 90.87°  87.18" 90.73° 0.3 <0.01
C18: 2 99.48%  99.43%* 99.56"  99.38° 99.54°  0.03 <0.01
SFA3 7493  78.16" 80.04° 78.02° 79.45°  0.55 <0.01
USFA* 95.24°  96.69" 96.91>  9565° 96.85°  0.13 <0.01
PR® 57.33%  62.80° 61.41° 59.15%  6151°  0.61 <0.01
PD® 76.26%  78.72" 79.61°°  77.53® . 79.79°  0.55 <0.01
DPR’ 75.15%  77.23° 77.11° 76.27®  77.08"° 053 0.04

'T: thyme ; C: cinnamon ; O: oregano : R: rosemary.
>TFA: total fatty acids (C16; 0+C18: 0+C18: 1+C18: 2).
3SFA: saturated fatty acids (C16: 0+C18: 0).

*USFA: unsaturated fatty acids (C18: 1+C18: 2).

°PR: protein retention (protein retained/protein intake, %).

°PD: protein digestibility (protein digested/protein intake, %).

"DPR: digestible protein retention (protein retained/ protein digested, %).
dData in the same row with different superscripts differ significantly (P < 0.05).
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Table 16. Effect of supplementation of different essential oil in diets on fatty acid and
protein ileal digestibility (%) in broilers (trial 1 and 2 combined)

ltem? Control T C 0 R SEM  P-value
TFA? 91.13*  92.61° 93.13¢ 91.65 9297 011 <0.01
C16:0 79.47°  84.44° 84.84°  80.32° 84.23°  0.25 <0.01
C18: 0 7448  8567° 88.74¢ 81.55" 89.90°  0.41 <0.01
c18:1 89.517  89.76° 90.93"  89.84° 90.83°  0.19 <0.01
C18: 2 95.09%  95.77° 95.88" 95.25°% 95.59°  0.07 <0.01
SFA® 78.68%  84.86° 85.80°  80.77° 85.56°  0.25 <0.01
USFA* 93.73"  94.23" 94.66°  93.93° 9451  0.07 <0.01
PD® 7859  80.09° 81.28° 79.23° 80.80°  0.21 <0.01

'T: thyme ; C: cinnamon ; O: oregano : R: rosemary.
>TFA: total fatty acids (C16; 0+C18: 0+C18: 1+C18: 2).
3SFA: saturated fatty acids (C16: 0+C18: 0).

*USFA: unsaturated fatty acids (C18: 1+C18: 2).
>PD: protein digestibility (protein digested/protein intake, %).
®dData in the same row with different superscripts differ significantly (P < 0.05).
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Table 17. Effect of supplementation of different essential oil in diets on intestinal microflora and pH in broilers (log CFU/g) (trial 1 and 2 combined)

Item?! Control T C 0 R SEM P-value
Crop
Lactobacilli (L) 9.77 9.48 9.96 9.65 9.70 0.28 0.81
Coliforms (C) 4.85 5.04 5.12 5.34 4.85 0.19 0.51
L/C 2.02 1.85 1.93 1.77 2.00 0.10 0.52
L+C 14.62 12.81 13.82 13.32 14.15 0.58 0.22
pH 5.22 5.42 5.15 5.10 5.01 0.12 0.17
Small intestine
Lactobacilli (L) 7.23 7.11 7.15 7.02 7.33 0.48 0.93
Coliforms (C) 4.27 4.60 4.10 4.80 4.38 0.26 0.61
L/C 1.43 1.52 1.64 1.47 1.70 0.18 0.60
L+C 12.70 12.02 10.78 11.66 11.80 0.60 0.29
pH 6.24 6.24 6.26 6.28 6.14 0.05 0.40
Caeca
Lactobacilli (L) 7.93° 9.51° 9.17% 9.57° 9.45° 0.31 <0.01
Coliforms (C) 7.16 6.58 6.51 6.96 6.53 0.27 0.37
L/C 1.10° 1.42%® 1.45° 1.39% 1.45° 0.07 <0.01
L+C 14.52 13.83 14.14 16.52 15.48 0.69 0.06
pH 6.43 6.35 6.43 6.34 6.42 0.05 0.62

T: thyme : C: cinnamon : O: oregano : R: rosemary.
®Data in the same row with different superscripts differ significantly (P < 0.05).
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Effect of Dietary Supplementation of Different Essential Oil on Daily Feed Intake,

Nutrient Digestibility and Intestinal Microflora in Broiler Chickens

Kuo-Chang Lin

Abstract

Two trials were conducted to investigate the effect of dietary supplementation of
different essential oil on daily feed intake, nutrient digestibility and intestinal
microflora of broiler chickens. In trial 1, thirty 17-d-old Arbor Acres chicks were
allotted to 5 treatments with 6 replicates per treatment. Chicks were reared in
individual cages and fed diets without or with supplementing 200 ppm of different
essential oil: (1) thyme (T); (2) cinnamon (C); (3) oregano (O) and (4) rosemary (R)
for 20 days. In trial 2, thirty 27-d-old Ross chicks were allotted to 5 treatments with 6
replicates per treatment. Chicks were reared in individual cages and fed same diets as
in trial 1 for 18 days. Daily feed intake, nutrient digestibility, pH and microbial counts
of digestive tract contents were measured in trial 1 and 2. The combined results
showed that dietary supplementation of R numerically improved daily feed intake.
Supplementing different essential oil in diet improved fecal and ileal digestibility of
total fatty acid and saturated fatty acid (P <0.01). Supplementing T, C and R in diet

significantly improved fecal and ileal digestibility of protein and unsaturated fatty

acid (P<0.05). Supplementing T, O and R in diet improved caecum lactobacillus
counts (P < 0.05). Supplementing C and R in diet increased caecum
lactobacillus/coliforms (P <0.05). Supplementing different essential oil in diet did

not affect pH of digestive tract contents, coliforms and lactobacillus+coliforms
counts. In conclusion, supplementing EO, especially C and R, in diet effectively

improved caecal microbial environment and nutrient digestibility of broiler chickens.
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