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Abstract

This experiment aimed to determine the effects of bamboo charcoal powder (BC) and
bamboo vinegar (BV) alone or in combination in the diet of laying hens on performance, egg
quality, intestinal bacterial populations and alteration of intestinal villi. A total of 450 Hy-Line
Brown hens, 40 weeks of age, were divided into 9 treatment groups, with 5 replicates per
treatment and 10 hens per replicate. They were fed on 1) a control diet, 2) the control diet +
0.5% BC, 3) the control diet + 1% BC, 4) the control diet + 0.3% BV, 5) the control diet + 0.6%
BV, 6) the control diet + 0.5% BC + 0.3% BV, 7) the control diet + 0.5% BC + 0.6% BV, 8) the
control diet + 1% BC + 0.3% BV or 9) the control diet + 1% BC + 0.6% BV from 40 to 56 weeks
of age. Overall feed conversion ratio was better in all supplemented groups than the control
group (P<0.05). The addition of BV to the diet at 0.6% level had a significant effect in increasing
the shell thickness and eggshell strength (P<0.05), reducing pathogenic bacteria while
enhancing beneficial bacteria in the small intestine (P<0.05) and had the effect of stimulating
the development of intestinal villi (P<0.05). The present results indicate that feeding BC and BV
alone or in combination in the diet improves feed efficiency. Feeding 0.6% BV increases
eggshell quality, controls the balance of intestinal bacteria and stimulates the development of

intestinal villi.

Keywords: bamboo charcoal, bamboo vinegar, intestinal bacteria, ileum, laying hen
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ltem Amount (%)

Ingredient (as-fed basis)

Corn 56.94
Soybean meal (44% CP) 22.48
Rice bran 4.00
Fish meal (55% CP) 3.00
Oyster shell 8.30
Dicalcium phosphate (18% P) 2.00
Plant oil 2.55
DL-Methionine 0.13
Salt 0.30
Premix’ 0.30

Calculated nutrient content

Crude protein 16.5
Metabolizable energy (kcal/kg) 2800
Crude fiber 3.43
Crude fat 5.69
Calcium 4.08
Available phosphorus 0.45
Lysine 0.88

'Premix: 2.0 MIU vitamin A, 0.32 MIU vitamin Ds, 2,000 mg vitamin E, 330 mg vitamin Kz, 220 mg vit By, 450
mg vitamin By, 4.5 mg vitamin Biz, 600 mg niacin, 100 mg copper, 150 mg iodine, 130 mg cobalt, 10 g iron,

8.8 ¢ manganese, 8.8 g zinc, 25 g preservative, up to 1 kg filter.



A15199 2 aerUsenauvaNsaulilli (as-fed basis)

ltem Composition (%)
Moisture 5.15
Volatile matter 16.54

Ash 8.15

Fixed carbon 70.16
Nitrogen 0.23
Hydrogen 3.29

Gross energy (kcal/kg) 6,813

pH 9.6

aseil 3 AuatRvnaaivesiduaiuliili (analyzed by GC-EI/MS)

Compound

Relative concentration (%)

Organic acids

Acetic acid

Butanoic anhydride

Propanoic acid

Caproic acid

Butanoic acid

Pentanoic acid
3-Methylpentanoic acid

Benzoic acid

Crotonic acid

Total organic acids

Alcohols
1-(3,4-Dimethoxyphenyl) ethanol
Tetrahydrofurfuryl alcohol
4-Hydroxy-3-methoxy-benzaldehyde
3-Hexanol
3-Hydroxybenzaldehyde
2-(2-Ethoxyethoxy) ethanol

Total alcohols

67.93
3.68
3.13
0.68
0.59
0.57
0.41
0.38
0.08

77.45

0.16
0.10
0.08
0.07
0.04
0.02
0.47



Phenols and derivatives
Phenol

2-Methoxy-phenol
4-Ethyl-phenol
2,6-Dimethoxy-phenol

p-Cresol

4-Methyl-phenol

Mequinol

4-Ethylguaiacol
3-Methyl-phenol
3,5-Dimethyl-phenol
4-Aminophenol
2,3-Dimethoxy-phenol

Total phenols and derivatives
Aldehyde and ketones
2-Cyclopenten-1-one, 2-hydroxy-3-
methyl

Vanillin

2-Propanone, 1-hydroxy
1-Hydroxybutan-2-one
2-Cyclopenten-1-one, 3-methyl
1-(2-Furanyl)-ethanone
Acetovanillone
3-Hydroxy-2-butanone

Total aldehyde and ketones
Heterocyclic aromatic compounds
Pyridine

3-Methoxy-pyridine
2-Methyl-pyridine

3-Pyridinol

3-Methyl-pyridine
2,6-Dimethyl-3-hydroxypyridine
Total heterocyclic aromatic

compounds

4.08
1.23
1.14
0.96
0.79
0.30
0.22
0.13
0.08
0.07
0.06
0.03
9.09

0.60

0.21
0.20
0.17
0.12
0.10
0.09
0.08
1.57

0.99
0.62
0.15
0.13
0.10
0.02
2.01

10
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Furans

2(3H)-Furanone, dihydro 2.61
2(5H)-Furanone,3-methyl 0.37
5-Hydroxymethyldihydrofuran-2-one 0.19
2(3H)-Furanone, dihydro-4-methyl 0.08
4-Methyl-5H-furan-2-one 0.07
Total furans 3.32
Other compounds

Maltol 1.08
1,3-Propanediamine 0.81
N,N-Dimethylethylamine 0.33
1,6-Anhydro-beta-glucopyranose 0.27
2-Pyrrolidinone 0.08
2,4-Dimethyl-3-hexanol 0.07
3-(2-Furanyl)-2-propenal 0.07
Total other compounds 2.71
pH 3.0

N133ENIIANINN1TNAALETAMNINLY

yhnsdaimindadiedudunimeans (@1gln 40 dUnami) LLazLﬁa??uqﬂmsmam (@18ln 56
Fanh) tetiluduaammimiing i deundas dmsunmsiaaussanimmandnagrimng 4 e
Tneinmstufinuananle drudnls waaly Usnaemsiinu wazsnsinsiasuemsidunandnly 197
FulalundazYuazihundaihmdniiiendhwinldeds dwduamnald warsnsnisiasue sy

HANANlYaEAUINIINGNST Fasialuil

174k = ndnb x wanasla
Fasnsiasuamnsiunanaala = YSuaueunsnnuw/analy

dwsunisnsageununmldaznszvimne 4 dUav lnensiadeuiinidnrlesly auudeuss
vouUdenly Wmdnwaenla anunwlaenla dntdnlueny dwdnluuas d@lduns wagan Haugh unit
Tnglaiazinnasieaeuaunmidulinnuluiuanvevesusasyasnisnaaes (eglnly 44, 48, 52

way 56 dUav) Wntnvesluvinn1stamienIeatefainea AuLdasvaaldanluvinnisinaieaiag
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negsumLdsiveUdenly (DET6000, NABEL Co., Ltd, Kyoto, Japan) thwdnidents sainly
317 waruimdnliuasinnsindloinieeisnea Anunuivesienldviinisiadieneie
lulasiiwos Tagviinsin 3 9a Ao suthu nsenans duuas wagdunmaneds dvdudvedliung
uage1 Haugh unit imsinseiaiosingainwlidalusi@ (Digital egg tester, DET6000, NABEL Co.,

Ltd, Kyoto, Japan)

nsiuiegealduaznmsianisiudeundasvasdalaluaildian
diedugansnaaes (@1gla 56 das) vinisanliuaziiudiegisdldanvisdiusu daunans
wazdiulany elumnisidsuwlaswerialaludlddn Tneiudias 1 6 (nguas 5 62) lnadld

1 <

dnlussazdiugninuluansazane 10% neutral-buffered formalin tUutaan 3 Ju anduiilvudly
WOANBFDANLAIMULTUTY 70, 80, 90, 95, 99 War100 Wosidus AmuTNTuaz 1 97119 wazilunae
TursAluiewseudnsunisdn Wamog1edldlunisfundamndideavinnisdaselulasiaulitiniu

w1 4 lulasiues wagarsuudlan nasanuuyinn1sdendnied haematoxylin ay eosin waginldin

(%
U 1 U 1%

A1ANgazILInYeIalamendeganssaunfannesIuiundesrianoauaraouiines (Olympus

DP73 camera, Olympus Corporation, Tokyo, Japan)

a 3 a o o Y < ]

nsaaszimUsInanuaiiiseluan lddndudane

nsiufegsemsfigesluanld (fresh digesta) aasanldidndiuyans (ileum) azviinisiiu
Viufinaeaniuimedisailduds Tnevinsiiugng as 1 67 (nquaz 5 /) 9ntuihfed1dluudazg
o [ 1 a a 3 Y v § < & o
U 1 nfualdnasaneaet taziinaisazanslaifounaslsnanuidnd 0.85 lWosiiud 31U 9
fiaddns vinsunesiduilofendu 30 Jud wasidoansias 10%-10° anduthwegislvadly

X g 2 - 4 X ,

NUDIMITABLT lasuenemisidsatonsnilu 3 ¥ia Ae 9IMITABYe Lactobacillus spp. 81113
Bl Escherichia coli wagemsideaide Salmonella spp. vnnsindesiegrenldasiulimaiomi
Y9IVIMISELUYD N15UNTD Lactobacillus spp. Maamngill 37 esrnduaidoa uiian 48 Falus
dmSue £ coli war Salmonella spp. Iamngd 37 ssmideadoa \Wwian 24 Falus waziy

UlAladnnTY
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Yunauardsn1slunisinszidaya

Foyarigg fldFannismaass 1iun avssonmnsuda aunnly UsinuvesdeuuaiiFely
aldEn wavnsdsuulamedialaludld svihundeszinanisadflaeldluswnsuneufiames
SPSS (SPSS Inc., Chicago, IL, USA) Tagn153tAs13%A110uUsUs2u (analysis of variance) Wag
WisuifisumuuanaswesAadelngds Duncan’s multiple range test (OMRT) tngazdinisuseidiu

VaBnSNanan (main effects) uazdnsnasaul (interaction effects) nan1snaasuandluglanadouas

Y

AIAUARIALATOUNINTZIUAINANREY AT P<0.05 QNAINTUIMANFAIRE 1 TTEE AYN9ada way

o

A1 P<0.1 9QniiNsaIndlwunlily

#01UNNIN1SIY

[
[ a wva

n1533eATedadun s fuinens wazaudujuanisineimianiuazinIoslenans

UINIRLEVAIUATUNT INBNUAFTI8E T
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uni 4

NANT1INNABY

AUTTANINNISHANVBILA L)

nstEsa BC, BV wazmsldsauiuluomsiisydusieg Lifinasdenisiiasunasmesimniingy
vosldld (115197 4) uarlsifinasonandnld dwiinld 1aaly Usinaemisiiiu uarShsininudeu
onadunandnlulutiseny 41-a4 &anvi uay 45-48 dUai (P>0.05) Bsransnaasuandlumnstad
5 warA15199 6 MUY wan1smaaeslurseny 49-52 &UaW (AN3157 7) wudn stas BY 4
wunltuvilifinalddisdu (P = 0.069) wagiidnsnisidsuemnadunandnlafininguaiuauegnedl
Toddun19ada (P<0.05) luvaizinisiady BC Afwwiltunhisnsnnudsuemnsdunandslafinid
naumuAa (P = 0.064) M3tada BV duavhlsimidnldluraseny 53-56 #Uasi (519l 8) LiuTuatis
fiffudRymnsadid (P<0.05) Foyanaoanisnaasslutiseny 41-56 §Uawi (A137197 9) Wudn Mstesy
BC finavilviuiinuemsiinuvedlilianasodafitodfynieain uazanasedsdaaulungudiady
BC Tuom1sisesu 1% (P<0.05) n15i@sy BC, BV waznsidsaudulusimsinarliensinisiasu
ownsilunandalifiniinguaiugu (P<0.05) nsiasa BV luewmnsfisediu 0.6% finavilwduyu
Aestensianisiinlafintu luvmefiniaaiy BC fisedu 1% ﬁéquwhmms@iamﬂﬁuﬁmﬁﬂ
19 (27.35 vw) Andngudus (P<0.05)

Annnlla

nsLady BC, BV uazmslifauduluemslifinansenusenanmilylifieny 44 uay 48 dUai
(AN51971 10 uag 11 Auddiu) (P>0.05) usfienglly 52 dUasA (113199 12) wudn nguiliada BV 7
386U 0.6% fimnumunudenlduazauuusweaudenlaifinduegrediteddynieda (P<0.05)
uarfionglily 56 dUasi (M99 13) wud nauiiada BY finrumuienlaifistuegrafiteddy
3885 (P<0.05) nsiaiu BY TuensiinavilviauudeussvesuBonldifiutu (P<0.05) uasifisiu

wnanlunguninIsiasy BV Aisgdu 0.6%
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A15719% 4 mansiasunsanulilliwazinduatuldluluemsaeuntinalveslnly

torm Initial body Final body Body weight
weight (g) weight (g) gain (g)
Bamboo charcoal (BC) (%)
0 1,827.00 1,958.70 131.70
0.5 1,799.30 1,934.30 135.00
1.0 1,806.10 1,934.00 127.90
Bamboo vinegar (BV) (%)
0 1,814.20 1,949.00 134.80
0.3 1,811.20 1,944.40 133.20
0.6 1,807.10 1,933.70 126.60
SEM 22.18 21.77 4.38
BC x BV
0x0 1,832.50 1,974.00 141.50
0x03 1,824.30 1,949.20 124.90
0x0.6 1,824.30 1,953.00 128.70
05x0 1,790.80 1,933.00 142.20
0.5x%x0.3 1,831.40 1,968.00 136.60
0.5 x 0.6 1,775.80 1,902.00 126.20
1.0x0 1,819.30 1,940.00 120.70
1.0 x 0.3 1,777.80 1,916.00 138.20
1.0 x 0.6 1,821.10 1,946.00 124.90
SEM 38.43 37.72 7.60
P-value
BC 0.658 0.658 0.528
BV 0.974 0.830 0.383

BC x BV 0.752 0.758 0.236
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n15197 5 wansiasunsaullliuavinduaiuldbiluaimsseaussanmnisudsvedlilaluyaseny 41-
44 §anai

Egg production  Egg weight Egg mass Feed intake

ltem FCR
(%) (9) (e/h/d) (g/h/d)
Bamboo charcoal (BC) (%)
0 89.42 60.86 54.43 109.37 2.01
0.5 89.41 60.93 54.48 108.12 1.98
1.0 88.61 60.85 53.93 107.43 1.99
Bamboo vinegar (BV) (%)
0 89.01 60.88 54.19 108.42 2.00
0.3 88.89 60.74 53.99 107.97 2.00
0.6 89.55 61.04 54.66 108.54 1.98
SEM 0.74 0.15 0.48 0.76 0.02
BC x BV
0x0 88.27 60.80 53.67 109.86 2.04
0x0.3 90.71 60.62 55.00 107.98 1.96
0x0.6 89.28 61.16 54.61 110.29 2.02
0.5x0 89.01 60.68 54.01 108.36 2.0
0.5x0.3 88.35 61.14 54.02 107.73 1.99
0.5x0.6 90.87 60.97 55.41 108.29 1.95
1.0x0 89.74 61.15 54.88 107.05 1.95
1.0 x 0.3 87.60 60.45 52.96 108.21 2.04
1.0 x 0.6 88.50 60.97 53.95 107.03 1.98
SEM 1.29 0.27 0.84 1.32 0.03
P-value
BC 0.681 0.930 0.679 0.205 0.700
BV 0.800 0.42 0.615 0.860 0.847

BC x BV 0.329 0.290 0.332 0.725 0.159
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n15197 6 nansiasunsaullliuasinduaiuldbiluaimsseaussanimnisudavedlilulugaseny 45-
48 danei

Egg production  Egg weight Egg mass Feed intake

ltem FCR
(%) (9) (e/h/d) (g/h/d)
Bamboo charcoal (BC) (%)
0 89.76 61.57 55.27 109.33 1.98
0.5 89.52 61.50 55.04 109.28 1.98
1.0 90.00 61.64 55.47 108.80 1.96
Bamboo vinegar (BV) (%)
0 89.05 61.54 54.80 110.04 2.00
0.3 90.00 61.60 55.44 109.00 1.97
0.6 90.24 61.56 55.55 108.37 1.95
SEM 0.74 0.16 0.44 0.83 0.02
BC x BV
0x0 87.85 61.69 54.20 110.71 2.04
0x0.3 91.43 61.67 56.38 109.12 1.93
0x0.6 90.00 61.35 55.22 108.16 1.96
0.5x0 88.57 61.35 54.33 111.13 2.04
0.5x0.3 89.28 61.71 55.07 109.66 1.99
0.5x0.6 90.71 61.43 55.72 107.04 1.92
1.0x0 90.71 61.58 55.86 108.27 1.93
1.0 x 0.3 89.28 61.43 54.85 108.22 1.97
1.0 x 0.6 90.00 61.90 55.71 109.90 1.97
SEM 1.28 0.27 0.76 1.45 0.04
P-value
BC 0.902 0.830 0.789 0.885 0.766
BV 0.493 0.950 0.438 0.385 0.262

BC x BV 0.354 0.523 0.304 0.362 0.261
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A15199 7 wansiasunsaulilliuasinduaiuldbiluaimsseaussanmnisudaveslilulugaseny 49-
52 daei

Egg production  Egg weight Egg mass Feed intake

ltem FCR
(%) (9) (e/h/d) (g/h/d)
Bamboo charcoal (BC) (%)
0 90.95 61.45 55.88 111.40 1.99
0.5 92.62 61.63 57.08 110.74 1.94
1.0 92.62 61.73 57.17 110.48 1.93
Bamboo vinegar (BV) (%)
0 90.95 61.35 55.79 111.35 1.99°
0.3 93.33 61.65 57.54 110.52 1.92°
0.6 91.90 61.81 56.81 110.75 1.95%
SEM 0.80 0.24 0.51 0.35 0.02
BC x BV
0x0 89.28 61.23 54.64 111.69 2.04
0x0.3 92.86 61.58 57.19 111.33 1.95
0x 0.6 90.71 61.53 55.82 111.18 1.99
0.5x0 91.43 61.21 55.96 111.98 2.00
0.5x0.3 93.57 61.66 57.67 110.06 1.91
0.5 x 0.6 92.86 62.04 57.62 110.19 1.91
1.0x0 92.14 61.62 56.78 110.38 1.94
1.0 x 0.3 93.57 61.71 57.75 110.18 1.91
1.0 x 0.6 92.14 61.86 56.99 110.88 1.94
SEM 1.39 0.42 0.89 0.61 0.03
P-value
BC 0.255 0.715 0.158 0.182 0.064
BV 0.125 0.423 0.069 0.248 0.033

BC x BV 0.935 0.951 0.851 0.389 0.697
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n15197 8 nansiasunsaulliuavinduafuldbiluaimsseaussanmnisudavedlilulugaseny 53-
56 dUn9i

Egg production  Egg weight Egg mass Feed intake

ltem FCR
(%) (9) (e/h/d) (g/h/d)
Bamboo charcoal (BC) (%)
0 88.81 62.87 55.83 111.20 1.99
0.5 89.28 62.94 56.19 109.97 1.95
1.0 90.00 62.96 56.65 109.56 1.93
Bamboo vinegar (BV) (%)
0 88.80 62.59° 55.58 110.21 1.98
0.3 89.52 63.01%° 56.40 110.66 1.96
0.6 89.76 63.16° 56.69 109.86 1.93
SEM 0.83 0.155 0.49 0.61 0.02
BC x BV
0x0 85.71 62.66 53.71 110.87 2.06
0x0.3 90.00 62.70 56.43 111.30 1.97
0x0.6 90.71 63.25 57.37 111.43 1.94
0.5x0 90.00 62.60 56.35 110.90 1.97
0.5x0.3 88.57 63.10 55.88 110.37 1.97
0.5x0.6 89.28 63.12 56.36 108.66 1.93
1.0x0 90.71 62.51 56.70 108.87 1.92
1.0 x 0.3 90.00 63.24 56.91 110.32 1.94
1.0 x 0.6 89.28 63.12 56.35 109.49 1.94
SEM 1.49 0.26 0.86 1.05 0.04
P-value
BC 0.603 0.911 0.513 0.154 0.229
BV 0.706 0.035 0.278 0.648 0.327

BC x BV 0.148 0.684 0.139 0.617 0.449
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A15199 9 wansiasunsaulliuasinduaiuldbiluaimsseaussanmnisudavedlilulugaseny 41-

56 dUa%A
Egg production  Egg weight Egg mass Feed intake Feed cost
ltem (%) (9) (g/h/d) (g/h/d) FCR  per kilogram
egg (Baht/kg)
Bamboo charcoal
(BC) (%)
0 89.73 61.68 55.35 110.38° 1.99 28.64
0.5 90.21 61.75 55.70 109.58%° 1.96 28.45
1.0 90.30 61.80 55.81 108.77° 1.95 28.39
Bamboo vinegar
(BV) (%)
0 89.45 61.59 55.09 109.86 1.99 28.13°
0.3 90.43 61.75 55.84 109.49 1.96 28.36"
0.6 90.36 61.89 55.93 109.38 1.95 28.99°
SEM 0.49 0.10 0.29 0.39 0.01 0.187
BC x BV
0x0 87.78 61.59 54.07 110.94 2.05° 28.72%°
0x0.3 91.24 61.64 56.25 109.93 1.95 28.07%°
0 x 0.6 90.17 61.82 55.75 110.26 1.97° 29.12°
0.5 x 0 89.75 61.46 55.16 110.75 2.00% 28.31%°
0.5x 0.3 89.94 61.90 55.67 109.45 1.96° 28.44°°
0.5 x 0.6 90.93 61.90 56.28 108.54 1.93¢ 28.60°°
1.0 x 0 90.83 61.72 56.06 107.90 1.92¢ 27.35°
1.0x 03 90.11 61.71 55.61 109.08 1.96° 28.56°°
1.0 x 0.6 89.98 61.96 55.75 109.32 1.96* 29.25°
SEM 0.85 0.17 0.50 0.68 0.02 0.325
P-value
BC 0.682 0.733 0.529 0.025 0.057 0.626
BV 0.304 0.112 0.103 0.665 0.082 0.007
BC x BV 0.121 0.728 0.115 0.117 0.027 0.031




M131991 10 wamsiasuraldliuaziduaulibilusmsdenunmleneny 44 dam

Egg weight  Shell weight Yolk weight Albumen shel >hel Yolk Haugh
ltem weight strength  thickness color
(9) () (9) unit
(9) (kg/cm?)  (mm) score
Bamboo charcoal (BC) (%)
0 60.70 6.79 13.77 40.13 4.65 0.369 8.14 94.36
0.5 60.74 6.96 13.65 40.13 4.57 0.367 7.72 94.96
1.0 60.48 6.62 13.77 40.08 4.59 0.372 8.26 93.62
Bamboo vinegar (BV) (%)
0 60.68 6.67 13.78 40.22 4.61 0.365 8.07 94.11
0.3 60.58 6.85 13.71 40.01 4.62 0.371 7.97 94.46
0.6 60.67 6.85 13.71 40.11 4.58 0.371 8.07 94.36
SEM 0.15 0.10 0.10 0.14 0.12 0.004 0.17 0.83
BC x BV
0x0 60.96 6.75 13.72 40.47 4.52 0.362 8.26 94.40
0x03 60.52 6.87 13.91 39.73 4.82 0.378 7.98 94.02
0x 0.6 60.64 6.77 13.69 40.17 4.61 0.368 8.18 94.66
0.5x0 60.70 6.81 13.72 40.16 4.63 0.360 7.62 94.64
0.5x%x0.3 60.90 7.03 13.58 40.28 4.64 0.362 7.62 95.40
0.5 x 0.6 60.64 7.04 13.65 39.94 4.44 0.378 7.92 94.84
1.0x0 60.38 6.46 13.89 40.02 4.69 0.374 8.34 93.30
1.0 x 0.3 60.34 6.67 13.65 40.01 4.39 0.374 8.32 93.96



M15199 10 nansiasuranuldlivasinduaiuliinluemnsrenuninlafiony 44 dai (se)

1.0 x 0.6 60.74 6.74 13.78 40.21 4.69
SEM 0.27 0.16 0.17 0.25 0.21
P-value
BC 0.459 0.163 0.590 0.965 0.889
BV 0.896 0.333 0.853 0.607 0.975
BC x BV 0.565 0.947 0.737 0.365 0.595

0.368
0.007

0.620
0.449
0.202

8.12
0.30

0.094
0.901
0.882

93.60
1.44

0.528
0.950
0.992

22



M131991 11 wamsiasuraauldliuaziduaulibilusmsdenunmleneny 48 dam

Egg weight  Shell weight Yolk weight Albumen shel >hel Yolk Haugh
ltem weight strength  thickness color
(9) () (9) unit
(9) (kg/cm?)  (mm) score
Bamboo charcoal (BC) (%)
0 61.24 6.84 14.06 40.33 4.47 0.375 8.18 94.34
0.5 61.37 6.86 14.07 40.44 4.69 0.369 8.08 94.64
1.0 61.37 6.80 14.18 40.38 4.48 0.368 8.02 94.01
Bamboo vinegar (BV) (%)
0 61.36 6.78 14.04 40.52 4.44 0.364 8.04 94.22
0.3 61.27 6.85 14.11 40.29 4.55 0.375 8.14 94.50
0.6 61.36 6.87 14.15 40.33 4.66 0.372 8.09 94.26
SEM 0.10 0.09 0.13 0.15 0.15 0.004 0.10 0.77
BC x BV
0x0 61.36 6.94 14.10 40.30 4.24 0.364 8.00 93.74
0x03 61.20 6.91 14.06 40.21 4.56 0.378 8.30 95.80
0x 0.6 61.18 6.68 14.01 40.47 4.63 0.382 8.24 93.48
0.5x0 61.44 6.63 14.01 40.79 4.52 0.360 7.88 94.22
0.5x%x0.3 61.44 7.06 14.13 40.23 4.69 0.382 8.20 94.44
0.5 x 0.6 61.24 6.88 14.06 40.29 4.87 0.364 8.18 95.28
1.0x0 61.28 6.77 14.02 40.48 4.55 0.368 8.26 94.72
1.0 x 0.3 61.18 6.59 14.14 40.44 4.40 0.366 7.94 93.28



M15199 11 nansiasuranuldbivasinduaiulildluemnsronuninlafiony 48 dai (se)

1.0 x 0.6 61.66 7.04 14.38 40.24 a.47
SEM 0.17 0.16 0.22 0.27 0.26
P-value
BC 0.589 0.900 0.779 0.892 0.509
BV 0.779 0.782 0.845 0.550 0.595
BC x BV 0.277 0.194 0.873 0.690 0.860

0.370
0.007

0.486
0.171
0.339

7.86
0.18

0.581
0.809
0.272

94.04
1.33

0.845
0.962
0.619

24



M131991 12 wamsiasuraauldliuaziduaiuldbiluemsdenunmleneny 52 dam

Albumen Shell Shell Yolk
Egg weight  Shell weight  Yolk weight Haugh
ltem weight strength  thickness color
(9) () (9) 5 unit
() (kg/cm?) (mm) score
Bamboo charcoal (BC) (%)
0 61.61 7.35 14.28 39.97 4.57 0.376 8.64 93.72
0.5 61.45 1.27 14.23 39.94 4.55 0.369 8.55 94.30
1.0 61.74 7.11 14.27 40.35 4.58 0.369 8.81 93.59
Bamboo vinegar (BV) (%)
0 61.69 7.24 14.27 40.17 4.39° 0.362° 8.72 93.84
0.3 61.66 7.26 14.33 40.06 4.50P 0.369° 8.52 93.88
0.6 61.45 7.24 14.18 40.02 4.82° 0.383° 8.76 93.80
SEM 0.15 0.10 0.11 0.19 0.08 0.004 0.12 0.86
BC x BV
0x0 61.76 7.37 14.27 40.11 4.40 0.364 8.60 94.16
0x03 61.68 7.32 14.37 39.48 4.48 0.374 8.44 94.58
0x 0.6 61.40 7.36 14.20 39.83 4.84 0.390 8.88 92.42
0.5x0 61.44 7.04 14.21 40.18 4.32 0.360 8.66 93.58
0.5x%x0.3 61.44 7.49 14.26 39.68 4.52 0.368 8.40 94.42
0.5x0.6 61.48 7.29 14.22 39.95 4.82 0.380 8.60 94.90
1.0x0 61.88 7.30 14.34 40.23 4.44 0.362 8.90 93.78
1.0 x 0.3 61.88 6.97 14.36 40.53 4.50 0.366 8.72 92.66
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1.0 x 0.6 61.48 7.07 14.12 40.28 4.80
SEM 0.25 0.17 0.18 0.33 0.13
P-value
BC 0.388 0.26 0.941 0.258 0.973
BV 0.466 0.985 0.604 0.849 0.001

BC x BV 0.887 0.307 0.970 0.801 0.978

0.380
0.007

0.440
0.003
0.983

8.82
0.21

0.340
0.347
0.900

94.34
1.50

0.829
0.990
0.701
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Albumen Shell Shell Yolk
Egg weight  Shell weight  Yolk weight Haugh
ltem weight strength  thickness color
(9) () (9) 5 unit
() (kg/cm?) (mm) score
Bamboo charcoal (BC) (%)
0 62.57 7.08 15.19 40.29 4.30 0.376 7.76 94.81
0.5 62.64 7.14 14.98 40.52 4.16 0.369 7.88 93.36
1.0 62.75 7.20 15.25 40.29 4.18 0.372 7.70 93.81
Bamboo vinegar (BV) (%)
0 62.72 7.21 15.00 40.51 3.84° 0.362¢ 7.74 93.80
0.3 62.73 7.11 15.13 40.47 4.31° 0.371° 7.78 94.21
0.6 62.51 7.10 15.28 40.12 4.50° 0.384° 7.82 93.97
SEM 0.38 0.10 0.19 0.35 0.10 0.003 0.15 0.79
BC x BV
0x0 62.62 7.06 15.02 40.54 3.84 0.362 7.58 94.70
0x03 62.38 7.06 15.02 40.29 4.40 0.380 7.72 95.08
0x 0.6 62.72 7.13 15.53 40.04 4.65 0.386 8.0 94.46
0.5x0 62.40 7.26 14.44 40.68 3.82 0.360 7.88 92.12
0.5x0.3 63.18 7.05 15.29 40.83 4.29 0.366 8.10 94.16
0.5 x 0.6 62.36 7.10 15.21 40.04 4.39 0.382 7.66 93.80
1.0x0 63.16 7.30 15.54 40.30 3.86 0.364 7.76 94.58
1.0 x 0.3 62.64 7.23 15.09 40.31 4.26 0.368 7.52 93.40
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1.0 x 0.6 62.46 7.08 15.10 40.27 4.44 0.384 7.82 93.46
SEM 0.67 0.18 0.34 0.61 0.16 0.005 0.26 1.37
P-value
BC 0.947 0.716 0.608 0.872 0.592 0.242 0.707 0.422
BV 0.901 0.749 0.603 0.689 0.001 0.001 0.924 0.934
BC x BV 0.832 0.903 0.270 0.971 0.948 0.604 0.533 0.798

Furuvesnuaiseludldidndrulane

d1uauves E coli, Salmonella spp. wag Lactobacillus spp. lushlé@andiutany (ileum) wanslumsne? 14 nsiasy BY Tuewnsiina
I UIUVeS £ coli anad wazanatagetnaulunguninisiasu BY Nsedu 0.6% (P<0.05) Msiasu BV Huaviilidnuiuves Salmonella
spp. anaudloSeuiisuiunguiliiinisiady wazanawnigalunguiiinisiay BY N15eau 0.6% (P<0.05) wazn1siasy BY luemsiinavilv

MUY Lactobacillus spp. WinTuog9ltd1AgyMseia (P<0.05)

nswasundasvasialaluanldian

nsdsunlasvadialaluanldidnuanslunisnedl 15 n1swasy BY iummiﬁmav‘fﬂﬁmmqwm‘iaiaiuﬁﬂﬁﬁﬂﬁwéfuLﬁm%u (P<0.05)
wazdinavilivuinveialaludldidndrudunazaldidndiunaraunnninguiililasunisiasy BV (P<0.05) nsiasu BV Misziv 0.6% Tnalu
msLﬁmm’]quaﬁalaashﬁmLﬁ]uiuﬁwlé’LﬁﬂéauﬂawaLLazﬁﬁlﬁLﬁﬂdauﬂma (P<0.05)
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ltem Escherichia coli Salmonella spp. Lactobacillus spp.
Bamboo charcoal (BC) (%)
0 5.00 4.50 7.04
0.5 4.98 4.56 6.98
1.0 5.01 4.50 6.96
Bamboo vinegar (BV) (%)
0 5.07° 4.64° 6.86°
0.3 4.98% 4.52° 7.04°
0.6 4.94° 4.40° 7.08°
SEM 0.03 0.02 0.03
BC x BV
0x0 5.16 4.70 6.88
0x03 4.94 4.46 7.10
0x 0.6 4.92 4.36 7.14
05x0 5.02 4.68 6.86
0.5x0.3 4.98 4.54 7.04
0.5 x 0.6 4.96 4.46 7.06
1.0x0 5.04 4.56 6.86
1.0 x 0.3 5.04 4.56 7.01
1.0 x 0.6 4.96 4.38 7.04
SEM 0.05 0.04 0.05
P-value
BC 0.850 0.219 0.263
BV 0.039 0.001 0.001

BC x BV 0.343 0.119 0.944
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Villus height (mm) Villus area (mm?)

ltem
Duodenum  Jejunum Ileum  Duodenum  Jejunum Ileum

Bamboo charcoal (BC) (%)

0 1.36 0.87 0.49 0.118 0.076  0.035
0.5 1.36 0.87 0.47 0.120 0.075  0.034
1.0 1.38 0.88 0.48 0.123 0.076  0.034
Bamboo vinegar (BV) (%)
0 1.32° 0.86° 0.47° 0.113° 0.073°  0.033
0.3 1.38° 0.87°  0.48® 0.123° 0.076°  0.035
0.6 1.39° 0.89° 0.49° 0.125° 0.079°  0.035
SEM 0.01 0.01 0.01 0.001 0.001  0.001
BC x BV
0x0 131 0.85 0.47 0.113 0.073  0.034
0x0.3 1.37 0.88 0.49 0.118 0.076  0.035
0 x 0.6 1.39 0.89 0.50 0.124 0.079  0.036
0.5%0 1.30 0.85 0.46 0.110 0.072  0.032
0.5x 0.3 1.38 0.87 0.48 0.125 0.076  0.035
0.5 x 0.6 1.39 0.89 0.49 0.125 0.079  0.035
1.0 x 0 1.35 0.87 0.48 0.115 0.074  0.034
1.0x 0.3 1.39 0.87 0.48 0.127 0.076  0.034
1.0 x 0.6 1.40 0.90 0.49 0.127 0.078  0.035
SEM 0.01 0.01 0.01 0.003 0.001  0.001
P-value
BC 0.199 0.500  0.467 0.095 0.748  0.660
BV 0.001 0.002  0.049 0.001 0.001  0.163

BC x BV 0.574 0.768 0.712 0.262 0.910 0.975
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