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Abstract

This study examined the supplementation level effects of bamboo charcoal powder
including vinegar liquid (BCV) on performance, eggshell quality, alterations of intestinal villi and
intestinal microflora populations, in laying hens in their late phase of production. A total of 200
laying hens (60 weeks of age) were randomly allotted into 4 treatment groups, with 5 replicates
per treatment and 10 hens per replicate. Hens were fed a basal diet, supplemented with BCV at
0, 0.5, 1.0 or 1.5%, ad libitum for 12 weeks. Egg production, egg weight, egg mass, feed intake
and feed efficiency were not affected by the dietary treatment (P>0.05). Damaged egg rate
decreased in the hens fed the 1.0 and 1.5% BCV diets, and eggshell thickness increased in the
1.5% BCV group (P<0.05). In the ileal content, population of Escherichia coli decreased with BCV
in the diet, while colony counts of Salmonella spp. were comparatively low with 1.0 and 1.5%
BCV (P<0.01). Villus height and villus area of duodenum were higher in hens fed the 1.0 and
1.5% diets (P<0.01), while villus size of jejunum was higher in hens fed the BCV diets (P<0.05).
The results of this study demonstrate that a level of 1.0% BCV in a layer’s diet is sufficient for
decreasing pathogenic bacteria and stimulating intestinal functions, leading to a significant
reduction in the number of damaged eggs; and that dietary supplementation of BCV at 1.5%

can improve eggshell thickness in aged laying hens.

Key words: laying hen, bamboo charcoal, bamboo vinegar, microorganism, small intestine
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uaE 3.5%-0% PNEIRU (Velmurugan et al,, 2009) nandunisftegluthduatuliansndioduaiunis
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A7ULAZNIAIY (Charcoal and charcoal powder)
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anusndutngAuidrAydmsuniswanauiutiug (activated charcoal) neiiatudrlumwiseloun

q

gaunil 1,000 - 1,100 °C wazaunsataudududluldusslovilavainvate wu ldlunisganiu gn

e

ALTU NIDNIINTOIUT 18

2. 87UV1INIBAIUKRTY (White or Hard charcoal) LJua1uiiianundsunnningiuan naalae

[

l¥nruounuseanas 1,000 - 1,100 °C Mnduihauimdmnlvdiegesnuiduusna laglduidmeas

iaa J

a H Y ! a ! [ £ a ! ! & !

AulazdIUTENNn 10-20% Ui wanandasinuduegiiauludunivumi 3a3endn 61uve e
anuiiusasiivSunuasuewateswinduiawis adalrlenusgnindloum anansaléidudomaues
Dudwitoguam wu lTdlunensdns vidws Tluniseruin Wudu anaudfivesaiuduazaiuen

LAAILUANSI9N 1



M15197 1. auandRvasaumLazauInlivslameiu

R , ) . v . ) AN DU
YUAVDINTY ANTUDUEDYS (%)  @1353L1e (%) 01 (%) FEAUAIMULLUY
(Kcalzkg)
UM 68.6 24.5 0.9 8 6,983
71U 77.6 9.8 2.4 10 7,023

fa: I5ened (2553)

auldle (Bamboo charcoal)
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al. (2001) lese91ulidn sgaviiagaiuluvesmsauionaiibilavugs 199 wu Iandiu laiu ezl



o [

gngadulusie Weswinnisgaduvesnsdudunuulidimziangas venaintuseiuiguiuluzems
aufenainasuniunisdeslavesonmsanme
Yy o wan . -
Unduaduldlel (Bamboo vinegar liquid)
dnaiuldliilunandnnlaanniswnauldld (Phyllostachys pubescens) neldaninsu

21n7#1 (airless condition) wazflaunadiwuizay (Uszaias 700 °C) aduieanuiilonsenuanuiufay

9 Y

1%
a o v U

naudndulotnauduveavailuiian Wduatuliliiduresnardineala dnduatuln Usznaudiuans

q

'
a 6a U

A199 W1AN3T 200 Ble @sUSTNOUBUYIENEAY laun nsnezddn @1suseneuluea Alau Lazdanton
lngnuindinsnesdinusznausguszann 80 Wesiduiuesansdunssanun (Akakabe et al., 2006)
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anufutiudazanauunsaveshduaiuld uazasldistmeilviduingavlunisenaivnssusiigg
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a1sUszneausneg nanratendt Widuatulifldanliswiafeziauaudhunnaieiu Ineialundy
ATuliifiansusznaunidAglann UUszann 85% nIndun3d 3% uara1sdunsgdus) Ussaa 12% Je
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5 Hwdudimsiiauiawesluiy wasdamesineanlen vliaanauveyadni
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A5 RgausunUUNduAuld
UNNABIVDY Rattanawut et al. (2014) Tas1891u37 Ahraa Ul swAvdnduaiuliiasy
Tuamslaluminsedu 1% amsaandiuiuluaiiiseninelsa (£ coli wag Salmonella spp.) Tanasla
| AU o w aa ' o va ~ ) = ad A P = = o v
agaildedAyn1eats wazdreiliialainnsimuinintu @Nuiinsgadulavuzuiniu) Fevinly
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Yamauchi et al. (2010) wu31 nstaaaauldlisiudviduaiuldli@sulus1nisnsesu 0.5% way
1.0% Tuwlduyinlraussaninniswanlaveslnlaluszoznsnuaansiinandaiudy (FUa19an 22-39)
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nsAnwnavesnsasunsaullsauiuiduatuls (Bamboo charcoal powder including
vinegar liquid, BCV) Tupmsdeaussaninnisudn aunmivdenly nnsidsuutasvesiala uas
Unandegaunisluslddnduasvedldldlussezanvhevesnslinanan THununsvaassuuuda
auysal (Completely Randomized Design, CRD) Ingldlnliniugden us1aul e1g 60 dUavi 37u3u 200
¢ vnsuddldeanidu 4 ngu (treatment) usiazngudl 5 919 az 10 & lnelaldsuemimaasad
Uaonana1su)Tiue (Table 2) udasusie BCV 4 520U A 0, 0.5, 1.0 az 1.5% 99991113 d1115U
BCV ﬁisﬂumiwmaam%gdf:lﬂumﬁmﬁmsﬁmNmaﬁ’]ﬁgﬂwﬁm%ﬂuu%ﬁ'w (Shikoku Tekuno Co., Ltd,
Kagawa, Japan) Inemsuautinduaiuldln 3 dns funseulifl 8 Alansy esruszneumaniivenidy
afuldinuaznesuliiuandlunisned 3 uaz 4 audidu liveassldfuemsmumuugtivesuisv
wazliiimasnan THiaTurieg auldsunsy wasléSuuaaing 16 Falussiatu vnsmeasady

szezian 12 dUai Insutsesnidu 3 9299 az 4 §Uani

N15308NIIANINN1SRAALATAMNINIY
° o 9 v v A a v | ) & o & '
instadmindadiesusunisvaaes (1gln 60 §Un1v) wazilleduganisneaes (egli 72
dunm) wesiludruamdmdndindsundas dmsunismaaeuaussanmnsnanagiing 4
dUm9t Tnednisvuiinuananty dwmdnla wal ensiladenie USunae1misniu wagdsesansan
% |.:4' <@ 1 v} o n'J % £y} dl' goj v 1 ::l' g.// ) 1 [~4 1
A5k1915 ldnulaluksazivazinugainntnieruntnlamay anduinuikenuseanniniule
Unavseleidenie legledenieusenaunie liiiagy lunuanidenis waglinlafden fwaaly

Usgansnnnisldenms wagduyuAemnsdemaiawinlugiuinainans dweludl

174k = unb x wananly

UsganSnnnistae1nns = 17al/USunaensNnu



AuvuAtIssensiudviinte = dn5n1sdsuemalunandnly x

$9A1979115 1 Dlansy

nsnsaeuaunmlyIznIzyimng ¢ dUanv Tnensiadeuriminwesly amundusweaydon
19 Yndndenls Wes@umdenly anunundenls damidnldyn dmdnlduns Flauns wazen
Haugh unit Iaglufiazinnnsaasugaunmiduliiiviuiugaisvesudazdanismaass (period)
dmidnveslaiinistidoiniedsianea mnuuiwswealienldviinisindioiriamaaauniny
wdaussvoaudenla (DET6000, NABEL Co., Ltd, Kyoto, Japan) Swrinvesudenly twmrinlivn wag
dndnlaunsinnisiadioiadesianoa wWedliudvenudenlyfuimainiwindenlinisare
dwiinlduazauevisies amuvuvenldenliviinisindenedidelilasiives lasvhnistn 3 9
Ao futu msanane duwvay wasthuimanads dnsudvesliuniasal Haugh unit vinnsingae

Lﬂ'%laa"'a’m@mmwlszié’miuﬁﬁ (digital egg tester)

a 4 2 a =) o Y < 1
nsanszimUsuingdunsdlualdiandauvats
dloduganisnaassiusiegnomnsngesluaild (fresh digesta) vesdildidnadutaney (ileum)

o
[y &Y o

suaﬂiﬁlut,wiag%m ay 4§ (PNt ntuthfeddisuiuudslutargisiuu 1 nduunldnann
nnasswaziindusuag 9 fadans nstuwdedndudementu waziioastaud 10210°
nduiiegslvaduaiuemsdsate lnsusnemsidendeesndu 2 ¥l Ao e1vsiasaie
Escherichia coli wavemsiaeaidie Salmonella spp. ¥msinasshegitldadldmimiiveseims

BeaTe Uuaialia 37 °C 1uwnan 24 Falue waztuduiulaladnineau

AsIansilasunlasvasialaluanld

dl' Qy 1 [ 't ) 1 1 < LY} ] ) Y @ gj 1 ¥ 1

Weduanni1maaes (@1eln 72 a1 vinisanlnuwasiiudlegaalddniiediudu daunans
wazdiulane et luninisasundasesialalualdian IneAudias 1 6 legdrldanlulsazdiu
gninuluansagats 10% neutral-buffered formalin tUuian 3 Tu antuihluugluieanesedniniy
WuU 70, 80, 90, 95, 99 war100% ANuNTUay 1 Talud wazihlunaslumis iuiewsaudvsunis
fin Wadegedldlunsfluudainalrdevinnisaasislulasianliainunun 4 lulasuas hazi19uy
dlad naeantuyin1sgeudnied haematoxylin and eosin kazinluinmauguuazauniavesia

lasendeansiauifnnenuiundeiinoatarAeuiines
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Fumeuuazisnislumsiinszidoya

Yoyasieg Alsannismaass liun aussanmnssdn aunmiudenld aaniwld Ysinaves
Hogaunidludld uasnavdsunlasedialaludild dundinsedinansadd Taennslinsesiaiy
wU5U59 (analysis of variance) wagil3ouriisuninuuanaisweaadelng3s Duncan’s multiple
range test (DMRT) Iaglalusunsunouiiamas SPSS (SPSS Inc., Chicago, IL, USA) nan1snaaduansli

SUALRALAZAIAILARIALATBULINTFINAINALRAY A1 P<0.05 A¥gnasainunnmsee1sildud Aty

MeatA wawen P<0.1 9gnitansandnduualiy

A01UNNIN1SIY

[V '
v a !

N19338AUANTUNSIVSUU 0TS wazAuduUanisineimansuazinieiionans

UINIRLEVAIUATUNST INBNUAFIT 1Y) T511
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A15197 2. Ejjﬁ]i@?ﬂ’]iLLﬁ%ﬁ’)UUi%ﬂ@U‘Vl’NLﬂﬁ%@ﬂ@’]%?i%ﬂa@ﬂ

Item Amount (%)

Ingredient
Corn 53.63
Soybean meal 24.35
Rice bran 5.35
Fish meal 3.00
Oyster shell 8.44
Dicalcium phosphate 1.57
Plant oil 2.86
DL-Methionine 0.20
Salt 0.30
Premix* 0.30

Calculated analysis

Crude protein 17.50
Metabolizable energy (kcal/kg) 2800
Crude fiber 3.61
Crude fat 5.90
Calcium 4.00
Available phosphorus 0.40
Lysine 0.93
Methionine 0.50

Premix: 2.0 MIU vitamin A, 0.32 MIU vitamin D,, 2,000 mg vitamin E, 330 mg vitamin K, 220 mg vit B, 450 mg
vitamin B,, 4.5 mg vitamin B,,, 600 mg niacin, 100 mg copper, 150 mg iodine, 130 mg cobalt, 10 g iron, 8.8 ¢

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

Composition (%)

Total organic content
Acetic acid

Methanol
Formaldehyde
Phenol

Cresol

Tar

pH

11.37

2.87

0.07

0.003

0.177

0.043

0.73

3.25

A15199 4. 99RUsENaUVDINIa Wl

ltem Composition (%)
Ash 6.35
Nitrogen 0.57
Phosphate 1.06
Potassium 2.10

Silicon dioxide

1.20
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NENT1INAEBY

AUITANINNITHER

aussanmnisnanveslild e sdae BOV fiszdusneg uandunsiadt 5 nmssa BV lusims
Lifinadensidsuulamesiming nandnly diudnly wnald Yunmemsitau uavUsyansainms
T¥e1msveslala (P>0.05) nsiaiu BV ey 1.0 uag 1.5% fnavinlisnsliiidemelurasgaiing
yosMInaaed (91l 69-72 dUni) anasedeilifdfgmeadfdleiusuifivuiiunguaiugy (P<0.05)
LaZNI5LESY BCV fiszau 1.0 was 1.5% fuavinlisasleidemenasnnisnaaesivuiliuanas

(P<0.10) dmsusiunuetamsaenisiinumtnlunasnnisnaaeanuIidanuwandsiulumeada

AnNlY
HAYBINITIESY BCV Miszausingg sonaninlalinantlunisian 6 nswasu BCV Tuemnislill
nansenusetmndenly Wesi@uddenly drminluvns dmdnluuag #luuas wagaAn Haugh unit
(P>0.05) Anunuivaaldonliifinduegafided Ay nsadflunguiliasy BCV fisedu 1.5% (P<0.05)
a1 a & ' ' ° [ A a d' [y o [ < A (]
LAzl iNTuLINNInguAIuANdMSUNGULETY BCV N158aU 1% dwmsunnuudasivaufenludl

wnlthnfsdulunguilaty BOV fisesu 1.0 uag 1.5% (P<0.10)

Furuvesuuaiiselualdidndrulane

$runuveniedlala wazievaluuaanludlddndrutans (ileum) uanslunisnad 7 nswasy
Bev Tuomsiinavinliideslalaanas wazanasedretamaulunguiliady BV fisedu 1.0 waz 1.5%
(P<0.01) dmusuiuvendesaluiuaanuin nsiasy BOV luewsisysu 1.0 uag 1.5% finavinly

o w

Foraluiwaanludldidndruvarvanasessiidedfeydamsada (P<0.01)

nswasunlasvaddalaluanld

mMadsunlawedialalugilduandunmsneii 8 nsiadu BOV fisediu 1.0 wae 1.5% finavil
AuAarILInvediataludldiandudu (duodenum) iutuetheiifoddBoneadn (P<0.01) uay
nsasy BCV Tuammsnnszauinavilivuisvesialaluaildidnadiunans (ejunum) Wi (P<0.01)
dmsuarugeuazauinveddalaludldidndiudane (leum) wuinlifauuans1aiuseninngu

AIVALLAZNGNNARRY (P>0.05)
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Dietary BCV (%)
Parameters SEM P-value
0 0.5 1.0 1.5

Body weight changes (g) 20250 19650  183.90 19210  13.04  0.972

Egg production (%)

61-64 week 91.42 90.47 92.38 86.77 1.53 0.626
65-68 week 94.28 92.85 92.86 92.21 1.37 0.966
69-72 week 80.18 82.85 85.00 84.50 1.62 0.752
61-72 week 88.63 88.72 90.08 87.83 1.16 0.936

Fgg weight (g)

61-64 week 59.15 60.32 59.85 60.12 0.37 0.662
65-68 week 62.17 60.91 60.75 61.22 0.60 0.847
69-72 week 61.02 60.82 60.63 61.03 0.52 0.870
61-72 week 60.78 60.68 60.41 60.79 0.48 0.990

Egg mass (¢/hen/day)

61-64 week 54.07 54.57 55.28 52.16 1.19 0.409
65-68 week 58.61 56.55 56.41 56.45 1.05 0.775
69-72 week 48.92 50.38 51.53 51.57 1.00 0.925

61-72 week 53.87 53.83 54.41 53.39 0.73 0.910



Damaged egg rate (%)

61-64 week 1.79 2.16 1.31 1.32 0.22 0.499
65-68 week 2.17 1.52 0.98 0.51 0.30 0.240
69-72 week 2.31° 2.57° 0.50° 0.77° 0.30 0.016
61-72 week 2.09 2.08 0.93 0.86 0.23 0.073

Feed intake (g/d)

61-64 week 100.32 10197 100.45  103.45 1.76 0.928
65-68 week 110.38 10797 10575  109.46 1.53 0.762
69-72 week 11530 11248  107.52  104.53 2.01 0.235
61-72 week 108.66 10747 10457  105.81 1.30 0.730

Feed efficiency (g of egg

mass/g of feed consumed)

61-64 week 0.538 0.535 0.550 0.504 0.008 0.323
65-68 week 0.530 0.523 0.533 0.515 0.007 0.781
69-72 week 0.424 0.447 0.479 0.493 0.008 0.425
61-72 week 0.497 0.501 0.520 0.504 0.006 0.838

Feed cost per kilogram egg

(Bath/kg)

61-72 week 32.20 32.95 32.65 34.58 0.42 0.211

**Values with different superscripts in the same row are significantly different (P<0.05).

Values are means of 5 replicates.



M15197 6. navasnsiasur Ul uiuihduaiuliilinenunwly (61-72 dam)

Dietary BCV (%)

Parameters SEM P-value
0 0.5 1.0 1.5
Egg weight (g) 6020 6040 6030  60.80 0.24 0.706
Eggshell weight (g) 6.55 6.53 6.62 6.73 0.08 0.838
Eggshell percent (%) 1088 1081  11.01  11.06 0.13 0.810
Eggshell thickness (mm) 0.371°  0.368° 0.374® 0393  0.380 0.048
Eggshell strength (kg/cm?) 3.27 3.25 3.60 3.92 0.11 0.069
Albumen weight (g) 3759 3768 3758 3781 0.32 0.909
Yolk weight (g) 1606 1619 1610  16.26 0.21 0.955
Yolk color 8.10 8.06 8.16 8.28 0.08 0.804
Haugh unit 8185  80.75 8170 8243 0.85 0.930

*PValues with different superscripts in the same row are significantly different (P<0.05).

Values are means of 5 replicates.

16
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M15197 7. navesnsiasursauliliiswiuihduatulilideusinanteqdunsdlualdidndiudasves

Inla (log10 cfu/g of wet digesta)

Dietary BCV (%)

Parameters SEM P-value
0 0.5 1.0 1.5

Escherichia coli 3.91° 3.89° 3.84° 3.86° 0.01 0.002

Salmonella spp. 3.41° 3.36° 3.26° 3.23° 0.02 0.001

*PYValues with different superscripts in the same row are significantly different (P<0.05).

Values are means of 5 replicates.



A157199 8. wavesnsiasunsuldliTuduiduaTulillasenisiasunlasveialaludnld

Dietary BCV (%)

Parameters SEM P-value
0 0.5 1.0 15

Villus height (mm)
Duodenum 1.41° 1.40° 1.46° 1.44° 0.01 0.003
Jejunum 0.90° 0.93° 0.94° 0.93° 0.01 0.040
lleum 0.48 0.48 0.49 0.49 0.01 0.950

Villus area (mm?)
Duodenum 0.121°  0.120° 0.125° 0.126° 0.002 0.001
Jejunum 0.080° 0.085° 0.086° 0.084° 0.001 0.020
lleum 0.036 0.036 0.038 0.037 0.001 0.543

*®Values with different superscripts in the same row are significantly different (P<0.05).

Values are means of 5 replicates.
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Fsalnan1snaasy

Punpassiounthildnuin naiedy BOV lummnsiisedu 0.5 wag 1.0% Suwalthninlfuandn
lvoslalalugasusnvesnislinandn (engld 22-39 &awh) ity Tasnandslsfdududuiindy
dosanuanaes BCV Iumiﬂizéjumsﬁmﬁﬁﬁmaaé’ﬂﬁ (Yamauchi et al,, 2010) lun15Anwrasadl
faudimandnlvaglaildifuty uisnslafideneludisgaiieveanismaaes (egln 69-72 &Uai)
anasedstataulunguiladusig BOV Asefu 1.0 uag 1.5% uazdiuudldudindt (P = 0.073) iilo
Wisuisunanaannisvaaes mianasvedliidsedeiaiy BV ilunalasasannaaaimddenlud
Fu dauszneudsarumuilenlduaranuufusienddenlsfifindu fanrumuivenudents
dudulunguiliadu BV fisedu 1.5% waranuudussveaudenluivultufindu P = 0.069) Tungu
iy BOV flsedu 1.0 wag 1.5% waves BOV luomnsdenmamiudenlafiftuotssintuilossin
uarveamaculilHuazthdun ulitensufuusanmundonlumaiuemsesdilidienaazdisly
mapedularurineg Wuntu TasnmgogBimagaduueaibon neauldilidanuansalunisgady
156199 Iedndmedulivialy Wesanlassadrsvesliiliusznousiegwgudng S1urusin (Zhao et
al., 2008) Foyaanaunaaemuin mutusiuiiauamnsalunmsgeduidenaliuaaludlald
inndewuaiiSefiendelugldnudnd (Enterococcus faecium) lunaizdhinduaiulsfanunsaduds

N15193 8T8 Salmonella enterica serovar Enteritidis Lagtuaasnn1saseyAulnvosLuaiiise E.

(Park et al., 2002; Sengor et al.,, 2007) nalnuilsitaeifiunslivsslovildveaussindunisanasvos
adunsn-srslumafuenns fsdaeifiunisimiifiveseulsduagnisazalgvoanssin
(Swiatkiewicz et al., 2010) wonaNEATITBNUARaRIINTESUNTABUYISlus M sTinataslunisan
anfunsa-asdludlduagdiofiunsaraisvesnaidon Jaasinatiofivseduuaadosluionuas
PeUFulgnunmuRenlaliifidu (Abdel-Fattah et al., 2008; Soltan, 2008) fsiiuluntsnaaesadail
M34E30 BCV 2199z tsusuusnaunwidenlalagiiunalnie wu nsananudunsa-aslumaiu
91mMs MsauasunseiyvewuaiSeitiusslov mstudinsasyvewuaiitenolsa waznsdaesy

nsteswazmMsliUsylovilivedisons
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Tunsfinwasall Anugazvavediatatudldidndruiusazanldidndiunarsvesialuiudu

' U '
IS A a =< o a

Welasu BCV Tuemsisedu 1.0 way 1.5% surnvedialafiiinduiinalnenssnonsiiuiuailunis

Anduwazyilianansogadulaguesne WaTw uenantuiuiiivesnsgaduiiinduninalunisiiy

Y

v v '
C% a = A

N3ATURARLTEUNLINTY Gilmore and Ferretti (2003) wWu31 vuaveiataiiudutuinduiiiosqin
° A aa &t ° v = ' ) 2w o Y]
nsiuvesuafiseniivssleviludld Gsneevislunisinminsuzuasiludiinsedunsimuives
Talaluald wueiliseniiuselovil Wi Lactobacillus Way Bifidobacterium 3gu18 @U@ uNITHINATDY
asazilddiglunisiiunisgadulayuy (Gabriel et al., 2006) luvasfnupiliseinelsnagyinli
Jalainmnuderenazdudanisnaaingss (Xu et al,, 2003) 1UNAa9wad Choct (2009) wuIn Jala
rdvunanauleduiuveuaieelsalumafuemTLTY Fallnaviliiiuinisgadueimsanas
Tun1smeasepsiianuinvendadlalatazenaluiuaaianadiow@sy BCV Tuamnsiseau 1.0 way 1.5%
d’lj a a 1 a é’ d‘ a Q‘d‘ 1 goj 174 Y} ] 1
n1sanasvetdaluailisenalsne1nintuilesninusuiuvesaiseangnsned luiduaJulillyd wu
a15Usenouilludn nadunsd 8= Farrevinlinisnesvadnuefisenalsaludldanas wazannis
anuaugoynisdld elinavilidalainisimununiu aunsodesuasanulasuesne launau nns
a a oy & 1 P oy & 1 = o v & ° v A a 1
Wurwnvedlalaludldidndrudunasaldidndiunaradunsiliiiuinnmsiminvedialagnnsedu
Tae BV MasutdnluTue1mns wanisneassluasaldnuiinisasy BCV Tua1misisyeu 1.0 way 1.5%
anunsanszaumsimthivesaldidndudunazdiunans uilifinasensimdivesdldidndiulane
%3 Noy and Sklan (1995) laesuieinluanizunfitulnvuzdiulvgazgnaaduludildiandiusuuas
d2unans wenanil Yamauchi et al. (1996) lasreaulidndildandruvarefinnsviminlunsgady

Tawugengg latdeaninanldiandiuuu
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mstasunsslslisuiuiduaulililuomnsfisedu 1.0 wag 1.5% fnasinldvunvesialaly
Slédndwdunardunaradfindu fnavilidouuaiizedelsaludildanas wozdwasilinunin
WaenlifTy naannsmaaesdliidiuinnisiesy BOV luemsiisedu 1.0% Wussduiiiio modmy
mMyann1suanEeevedly wazn1siasy BV Tuamnsfisydiu 1.5% anunsatisriiumunuivesdden

Talulandergunnla
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Abstract

This study examined the supplementation level effects of bamboo charcoal
powder including vinegar liquid (BCV) on performance, eggshell quality, alterations of
intestinal villi and intestinal microflora populations, in laying hens in their late phase of
production. A total of 200 laying hens (60 weeks of age) were randomly allotted into 4
treatment groups, with 5 replicates per treatment and 10 hens per replicate. Hens were
fed a basal diet, supplemented with BCV at 0, 0.5, 1.0 or 1.5% level, ad libitum for 12
weeks. Egg production, egg weight, egg mass, feed intake and feed efficiency were not
affected by the dietary treatment (P > 0.05). Damaged egg rate decreased in the hens fed
the 1.0 and 1.5% BCYV diets, and eggshell thickness increased in the 1.5% BCV group
(P < 0.05). In the ileal content, population of Escherichia coli decreased with BCV in
the diet, while colony counts of Salmonella spp. were comparatively low with 1.0 and
1.5% BCV (P < 0.01). Villus height and villus area of duodenum were higher in hens
fed the 1.0 and 1.5% diets (P < 0.01), while villus size of jejunum was higher in hens
fed the BCV diets (P < 0.05). The results of this study demonstrate that a level of 1.0%
BCV in a layer’s diet is sufficient for decreasing pathogenic bacteria and stimulating
intestinal functions, leading to a significant reduction in the number of damaged eggs;
and that dietary supplementation of BCV at 1.5% can improve eggshell thickness in

aged laying hens.

Key words: aged hen, bamboo charcoal, bamboo vinegar, ileal microflora, intestine
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Introduction

The laying cycle of a chicken flock usually covers a span of about 12 months.
When hens get older, the eggs get larger, but the shell gland still deposits the same
amount of calcium (Ca) on the shells, making them thinner. Also, aged hens are
reportedly less efficient in absorbing Ca than younger ones (Al-Batshan et al., 1994).
For these reasons, the incidence of cracked eggs could exceed 20% in the late-phase
production cycle (Nys, 2001). This problem has raised the interest of many researchers
to improving eggshell quality using various approaches. Most of the studies on nutrition
effects on eggshell quality in laying hens have focused on dietary Ca manipulation as
the primary means to improve eggshell quality. However, increasing dietary Ca alone
reportedly impairs the absorption of other minerals, such as phosphorus, magnesium,
manganese, and zinc, causing secondary deficiencies. In addition, excess calcium
significantly reduces egg production, egg weight and feed consumption (Harms and
Waldroup, 1971). In a recent study, Jiang et al. (2013) reported that laying hens fed
diets with high Ca concentrations (4.4%) experienced decreased eggshell quality (shell
thickness) in comparison with a control group (3.7% Ca). Therefore, increasing Ca level
in the diet to improve eggshell quality might not be a practical solution, but enhancing
Ca availability and absorption in the gut might be useful. The gut microflora plays a
major protective function, maintaining integrity of the intestinal mucosa. Intestinal
barrier dysfunction leads to a progressive increase of mucosal permeability, which
facilitates pathogen infections (Lambert, 2009). As a hen gets older, its gut microflora
changes and the gut mucosal system becomes more susceptible to lose its integrity
(Burel and Valat, 2009). Damaging the intestinal integrity encourages pathogenic gut

bacteria at the expense of beneficial bacteria. Adding beneficial feed additives to the
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diet can recover the intestinal integrity, improve gut health, and thus increase nutrient
availability and absorption (Awad et al., 2009; Abdelgader et al., 2013). Bamboo
charcoal is known as a universal adsorbent, because it contains a complex network of
pores of various shapes and sizes (Zhao et al., 2008). It has been used in powder form
as an oral antidote to reduce the absorption of poison from the gastrointestinal tract
(Anjaneyulu et al., 1993). When activated charcoal was added to diets, the body weight
gain and feed efficiency of chickens tended to increase (Samanya and Yamauchi, 2002).
Bamboo vinegar liquid is an acidic by-product of bamboo charcoal production. It
includes more than 200 accessory ingredients, including phenolics, alkanes, alcohols,
aldehydes, and various organic acids (Kimura et al., 2002; Lin et al., 2008). The main
components of bamboo vinegar are acetic acid and water, which contribute 3.5%-4%
and 80%-90%, respectively (Velmurugan et al., 2009). The acid in wood vinegar
enhances the growth of Bifidobacterium and Enterococcus but inhibits the growth of
Salmonella species (Watarai and Tana, 2005). In addition, dietary vinegar enhances
intestinal Ca absorption in rats by improving Ca solubility and by the trophic effect of
the acetic acid contained in vinegar (Kishi et al., 1999). A mixture of bamboo charcoal
powder and bamboo vinegar liquid (BCV) has been recently formulated and tested as
animal feed supplement. BCV has been shown to induce a significant increase in egg
production by stimulating intestinal functions of laying hens in the early phase of
production (Yamauchi et al., 2010). However, effects of BCV on production
performance and eggshell quality of laying hens in the late phase of production have not
yet been investigated. In this study, the effects of BCV treatment on performance,
eggshell quality, alterations of intestinal villi and intestinal microflora populations, were

examined in aged laying hens.
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Materials and Methods

Birds and management

All experiments were performed according to the humane care guidelines for the
use of animals in experimentation, as provided by the Prince of Songkla University,
Thailand. A total of 200 55-week-old ISA Brown hens, obtained from a commercial
source, were placed in a poultry house in cages (two birds per cage) on a wire-mesh
floor at ambient temperature. The cage dimensions were 40 cm x 45 cm x 35 cm,
equating to 1800 cm? total floor space per cage. During the pre-experimental period (55
to 60 weeks of age), the hens were fed ad libitum with a conventional layer mash diet,
and the daily egg production and the egg weights were recorded.

At 60-week-old, the hens were randomly assigned to one of four treatments,
each comprising 5 replicates, and 10 birds in each replicate. The replicates had initially
similar mean body weights and egg production levels. During the experiment, the hens
had free access to mash feed and water and were exposed to a 16 L:8 D lighting
schedule. The composition of the basal diet is given in Table 1. The control group was
fed a basal diet, and the other groups were fed the basal diet supplemented with BCV at
0.5, 1.0 or 1.5%. Commercial BCV was produced by the company (Shikoku Tekuno
Co., Ltd, Kagawa, Japan) as follows: bamboo vinegar was obtained as condensate by
cooling smoke during the making of bamboo charcoal from moso bamboo
(Phyllostachys pubescens) by dry distillation at 700 °C in an airless condition, and it
was stored for one year. Then, the skimmed solution was distilled to remove harmful
substances such as tar. This bamboo vinegar compound was absorbed into bamboo
charcoal powder, in the ratio 3 L/8 kg. Chemical properties of bamboo vinegar and

composition of bamboo charcoal powder are presented in Tables 2 and 3, respectively
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(as provided by the manufacturer). The hens were fed an experimental diet until 72

weeks of age.

Performance and egg quality

Body weight was measured at the commencement (60 weeks of age) and the end
(72 weeks of age) of the trial. Laying performance was determined every 4 weeks by
monitoring egg production, egg weight, egg mass, damaged egg rate, feed intake and
feed efficiency. Eggs were collected daily and the weight was recorded to calculate
mean egg weight. Egg production was expressed on a hen-day basis (%hen-day). The
collected eggs were classified as either normal or damaged for calculating the damaged
egg rate; the latter included misshapen eggs, broken eggs and shell-less eggs. Egg mass
was calculated by multiplying egg weight by egg production. Feed intake was
determined by subtracting the remaining feed from the original amount of feed at the
end of each week. Feed efficiency was calculated by dividing egg mass by the feed
intake. Egg quality was assessed from measured egg weight, eggshell strength, eggshell
weight, eggshell percent, eggshell thickness, albumen weight, yolk weight, yolk colour,
and the Haugh unit of each egg, obtained on the final day of each four-week period of
the experiment. The weight of the collected eggs from each group was recorded. The
eggshell breaking strength was measured using an eggshell strength tester (DET6000,
NABEL Co., Ltd, Kyoto, Japan), and the maximum force required to crack the shell
surface was recorded. After the eggs were broken on a plate, the weights of the shell,
albumen and egg yolk were measured using an electronic digital balance. Eggshell
percent was calculated by dividing dry shell weight by egg weight and multiplying by
100. Eggshell thickness was estimated as the mean from three measured locations (air

cell, equator and sharp end), and was measured by a digital micrometer (Mitutoyo
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Corporation, Kanagawa, Japan). Yolk color and Haugh units were automatically

measured using the digital egg tester (DET6000, NABEL Co., Ltd, Kyoto, Japan).

Intestinal microflora analyses

lleal digesta contents (5 samples/diet; each pooled from 4 birds) were collected
at the end of the experiment and then aseptically placed in sterile bags, later blended to
obtain a homogeneous mass of digesta, and a 1 g sample was transferred to a test tube.
Samples were taken to assays within 1 h after collection. Each sample was mixed with 9
mL sterile 0.9% NaCl, and homogenized at 2,500 rpm for 1 min. Homogenates of
digesta samples were then serially diluted from 1072 to 10. One-tenth milliliter of each
diluted sample was coated on the appropriate agar media, in duplicate for enumeration
of the selected microbial populations. Bacterial counts were performed for the
appropriate dilutions. Escherichia coli and Salmonella spp. were assessed using Eosin
Methylene Blue agar and Salmonella-Shigella agar, respectively. The colonies on each
plate were counted after incubation in an aerobic chamber at 37 °C for 24 h. Colony
forming units (CFUs) were defined as being distinct colonies measuring at least 1 mm

in diameter. Results are expressed as log 10 CFU/g of fresh sample.
Tissue sampling and measurement

At the end of feeding period (72 weeks of age), 5 birds per group were used for
morphometrical and histological observations of the villi in each intestinal segment.
After decapitation, their intestine and cecum were removed. The midpoint of the
duodenum, the midpoint between the bile duct entry and Meckel’s diverticulum
(Jejunum) and the midpoint between Meckel’s diverticulum to the ileo-caecal junction

(ileum) were fixed in 10% neutral-buffered formalin. After dehydration in graded
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alcohol, each intestinal segment was embedded in Paraplast. Transverse 4 pum sections
were cut, and stained with haematoxylin and eosin. Villus height and villus area were
determined at a 10x magnification using a light microscope. Villus height was measured
from the villus tip to the bottom. The mean villus height from 5 birds (16 villi from 8
different sections in each segment per bird) is given as the mean villus height for one
group. Villus area was calculated from the villus height, basal width and apical width. A
total of 16 calculations of the villus area were made for each bird. The average of these
was recorded as the mean for each bird. Finally the mean across 5 birds was calculated

and considered the mean villus area for one group.

Statistical analysis

All of the experimental data were statistically analyzed using one-way ANOVA,
and significant differences between treatments were determined with Duncan’s multiple
range test using the SPSS program (SPSS Inc., Chicago, IL, USA). The results are
expressed as the mean and the pooled standard error of the mean (SEM). P < 0.05 was

considered significant, and P < 0.10 was considered a tendency.

Results

Laying performance

Laying performance is summarized in Table 4. There were no significant
differences in body weight changes, egg production, egg weight, egg mass, feed intake
and feed efficiency between the hens fed BCV-supplemented diets and those fed the
control diet, either during the experimental feeding phases or across the whole

experiment (P > 0.05). During the late feeding stage (weeks 69 to 72), the rate of
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damaged eggs decreased significantly (P < 0.05) in the 1.0 and 1.5% BCV groups
compared with controls, and the damaged egg rate tended to be lower (P < 0.10) in the

1.0 and 1.5% BCV groups for the whole experiment.

Egg quality traits

The effects of dietary BCV supplementation on egg quality in laying hens are
presented in Table 5. No significant differences were found between the groups with
respect to eggshell weight, eggshell percent, aloumen weight, yolk weight, yolk color,
and egg albumen quality expressed in Haugh units. Eggshell thickness was significantly
(P < 0.05) improved in hens fed the 1.5% BCV diet, whereas the 1.0% BCV group was
intermediate. Eggshell strength tended to be higher in the 1.0 and 1.5% BCV groups

than in the controls (P < 0.10).

Ileal microflora population

The population of ileal E. coli decreased (P < 0.01) with BCV supplementation
and the E. coli numbers were strongly reduced in 1.0 and 1.5% BCV groups (Table 6).
The number of ileal Salmonella spp. in hens fed 1.0 and 1.5% BCV diets was lower (P

< 0.01) than in hens fed the control or 0.5% BCV diets.

Intestinal villi morphology

Data on intestinal villi morphology are presented in Table 7. Villus height and
villus area of duodenum were higher in hens fed the 1.0 and 1.5% BCYV diets (P < 0.01),
while villus height and area of jejunum were higher in hens fed the BCV diets (P <
0.05). There were no significant differences in ileal villus height and area between hens

fed BCV-supplemented diets and hens fed the control diet.
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Discussion

In our previous study, supplementing the diet with 0.5 and 1.0% BCV tended to
improve egg production of laying hens in the early phase of production (weeks 22 to 39)
(Yamauchi et al., 2010). Such effects were attributed to the beneficial effects of BCV in
stimulating intestinal functions. In the present study, although egg production did not
improve with feeding BCV, the rate of damaged eggs was significantly reduced in hens
fed 1.0 and 1.5% BCV diets during the late laying period, from 69 to 72 weeks of age,
and tended (P = 0.073) to be lower in these groups for the whole experiment. Decrease
in the damaged egg rate with BCV supplementation, as observed in the present study,
primarily reflected improved eggshell quality, including eggshell thickness and eggshell
strength. Eggshell thickness increased in the hens fed the 1.5% BCV diet, and eggshell
strength tended (P = 0.069) to be higher in the hens fed the 1.0 and 1.5% BCV diets.
The positive effects of BCV in feed on eggshell quality could be attributed to the
beneficial effects of bamboo charcoal and bamboo vinegar liquid on the gastrointestinal
tract, which may help to assimilate more nutrients, particularly to absorb Ca. Bamboo
charcoal reportedly has higher adsorption capacity than wood charcoal, because of the
special micro-pore structure of bamboo stems (ChungPin et al., 2004); bamboo charcoal
is known to have about 4 times more cavities, 3 times more mineral content and 4 times
better absorption rate (Zhao et al., 2008). Watarai and Tana (2005) reported that
activated charcoal from the bark given orally could reduce intestinal Salmonella
enterica serovar Enteritidis carriage and minimize the removal of normal bacterial flora
(Enterococcus faecium) in the intestinal tract. They also reported that wood vinegar
liquid inhibited S. Enteritidis growth, whereas growth of E. faecium and

Bifidobacterium thermophilum was enhanced by it. Acetic acid is the main organic acid
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component in bamboo vinegar. It can control the balance of intestinal microflora and
pathogens (Sorrells and Speck, 1970) and affects intestinal functions and metabolism
(Lutz and Scharrer, 1991). The results of some experiments with layers and old breeder
hens have demonstrated that organic acids may improve the utilization of minerals and
can positively affect eggshell quality (Park et al., 2002; Sengor et al., 2007). One
contributing mechanism is the reduction of gastrointestinal pH, which increases the
activity of digestive enzymes and the solubility of minerals (Swiatkiewicz et al., 2010).
Dietary inclusion of organic acids is also reported to decrease intestinal pH and increase
Ca solubility, which increases Ca level in blood and improves eggshell quality (Abdel-
Fattah et al., 2008; Soltan, 2008). In this study, therefore, BCV may have improved
eggshell quality through several possible mechanisms, including decreasing gut pH,
selecting for beneficial intestinal organisms, inhibiting the growth of pathogens, and
enhancing the digestion and utilization of minerals.

In the present study, intestinal villus height and area in the duodenum and the
jejunum of aged laying hens increased when feeding BCV at 1.0 and 1.5% levels. An
increased villus size provides greater absorptive surface area and a better capacity for
absorbing available nutrients. The increased villus absorptive area could also increase
Ca absorption. Gilmore and Ferretti (2003) reported that villus height is increased by
the enhanced efficiency of digestion and absorption in the small intestine, when a
population of beneficial bacteria supplies nutrients and stimulates vascularisation and
development of the intestinal villi. Beneficial bacteria, such as Lactobacillus and
Bifidobacterium can enhance the metabolism of host birds and improve gut efficiency
by increasing nutrient absorption (Gabriel et al., 2006). In contrast, harmful bacteria

damage the villi and microvilli in intestinal mucosa and inhibit the secretion of digestive
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enzymes (Xu et al., 2003). Choct (2009) found shorter villi when the counts of
pathogenic bacteria increased in the gastrointestinal tract, resulting in fewer absorptive
and more secretory cells. In the current study, the ileal E. coli and Salmonella spp.
populations decreased on feeding aged laying hens with 1.0 and 1.5% BCV. This may
be due to the organic acids in bamboo vinegar reducing the growth of pathogenic
bacteria. This might reduce intestinal colonization and slow down infectious processes,
thereby decreasing the inflammations in the intestinal mucosa, which improves villus
height and its functions of secretion, digestion and absorption of nutrients. Increased
villus size in the duodenum and jejunum are indicators that the function of the intestinal
villi is activated by BCV in the feed. The present results show that 1.0 and 1.5% BCV
could effectively stimulate intestinal function in the duodenum and jejunum, but there
were no observed significant effects on the ileum. This may be explained by the fact
that under normal circumstances the major absorption of nutrients occurs in the
duodenum and jejunum (Noy and Sklan, 1995), while the ileum appears to have
relatively less intestinal absorptive function (Yamauchi et al., 1996).

In conclusion, 1.0 and 1.5% dietary BCV increased the size of intestinal villi in
the duodenum and jejunum, decreased ileal pathogenic bacteria counts, and improved
eggshell quality. The results of this study demonstrate that a level of 1.0% BCV in a
layer’s diet is sufficient for reducing the rate of damaged eggs, and dietary

supplementation of BCV at 1.5% can improve eggshell thickness in aged laying hens.
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Table 1. Feed formulation and chemical composition of the experimental diet

Item Amount (%)

Ingredient
Corn 53.63
Soybean meal 24.35
Rice bran 5.35
Fish meal 3.00
Oyster shell 8.44
Dicalcium phosphate 1.57
Plant oil 2.86
DL-Methionine 0.20
Salt 0.30
Premix! 0.30

Calculated analysis
Crude protein 17.50
Metabolizable energy (kcal/kg) 2800
Crude fiber 3.61
Crude fat 5.90
Calcium 4.00
Available phosphorus 0.40
Lysine 0.93
Methionine 0.50

Ipremix: 2.0 MIU vitamin A, 0.32 MIU vitamin D3, 2,000 mg vitamin E, 330 mg vitamin Ks,
220 mg vit By, 450 mg vitamin Bz, 4.5 mg vitamin B1z, 600 mg niacin, 100 mg copper, 150 mg
iodine, 130 mg cobalt, 10 g iron, 8.8 g manganese, 8.8 g zinc, 25 g preservative, up to 1 kg
filter.



Table 2. Chemical properties of bamboo vinegar compound liquid

a7

Item Composition (%)
Total organic content 11.37
Acetic acid 2.87
Methanol 0.07
Formaldehyde 0.003
Phenol 0.177
Cresol 0.043
Tar 0.73

pH 3.25

Table 3. Composition of bamboo charcoal powder

Item Composition (%)
Ash 6.35
Nitrogen 0.57
Phosphate 1.06
Potassium 2.10

Silicon dioxide 1.20
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Table 4. Effects of bamboo charcoal powder including vinegar liquid (BCV) on

performance of laying hens during 60-72 weeks of age

Dietary BCV (%)
Parameters SEM P-value
0 0.5 1.0 1.5

Body weight changes (g) 202.50 196.50 183.90 192.10 13.04 0.972

Egg production (%)

61-64 week 91.42 90.47 92.38 86.77 153 0.626
65-68 week 94.28 92.85 92.86 92.21 1.37 0.966
69-72 week 80.18 82.85 85.00 84.50 1.62 0.752
61-72 week 88.63 88.72 90.08 87.83 1.16 0.936

Egg weight (g)

61-64 week 59.15 60.32 59.85 60.12 0.37 0.662
65-68 week 62.17 60.91 60.75 61.22 0.60 0.847
69-72 week 61.02 60.82 60.63 61.03 0.52 0.870
61-72 week 60.78 60.68 60.41 60.79 0.48 0.990

Egg mass (g/hen/day)

61-64 week 54.07 54.57 55.28 52.16 1.19 0.409
65-68 week 58.61 56.55 56.41 56.45 1.05 0.775
69-72 week 48.92 50.38 51.53 51.57 1.00 0.925
61-72 week 53.87 53.83 54.41 53.39 0.73 0.910

Damaged egg rate (%)

61-64 week 1.79 2.16 1.31 1.32 0.22 0.499
65-68 week 2.17 1.52 0.98 0.51 0.30 0.240
69-72 week 2.31% 2.57% 0.50° 0.77° 0.30 0.016
61-72 week 2.09 2.08 0.93 0.86 0.23 0.073

Feed intake (g/d)

61-64 week 100.32 101.97 100.45 103.45 1.76 0.928
65-68 week 110.38 107.97 105.75 109.46 1.53 0.762
69-72 week 115.30 112.48 107.52 104.53 2.01 0.235

61-72 week 108.66 107.47 104.57 105.81 1.30 0.730
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Feed efficiency (g of egg mass/g of
feed consumed)

61-64 week
65-68 week
69-72 week

61-72 week

0.538
0.530
0.424

0.497

0.535
0.523
0.447

0.501

0.550
0.533
0.479

0.520

0.504
0.515
0.493

0.504

0.008
0.007
0.008

0.006

0.323
0.781
0.425

0.838

aby/alues with different superscripts in the same row are significantly different (P < 0.05).

Values are means of 5 replicates.
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Table 5. Effects of dietary bamboo charcoal powder including vinegar liquid

(BCV) on egg quality traits of laying hens from 61 to 72 weeks of age

Dietary BCV (%)

Parameters SEM  P-value
0.5 1.0 1.5
Egg weight (g) 6040 6030 60.80 024  0.706
Eggshell weight (g) 6.53 6.62 6.73 0.08 0.838
Eggshell percent (%) 10.81 11.01 11.06 0.13 0.810
Eggshell thickness (mm) 0.368° 0.374® 0.393* 0380  0.048
Eggshell strength (kg/cm?) 3.25 3.60 3.92 0.11 0.069
Albumen weight (g) 37.68 37.58 37.81 0.32 0.909
Yolk weight (g) 16.19 1610 1626 021  0.955
Yolk color 8.06 8.16 8.28 0.08 0.804
Haugh unit 80.75 8170  82.43 0.85 0.930

ab\zalues with different superscripts in the same row are significantly different (P < 0.05).

Values are means of 5 replicates.
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Table 6. lleal microflora counts of hens fed 0, 0.5, 1.0 and 1.5% dietary bamboo

charcoal powder including vinegar liquid (BCV) (log10 cfu/g of wet digesta)

Dietary BCV (%)

Parameters SEM P-value
0 0.5 1.0 15

Escherichia coli 3.912 3.89° 3.84°¢ 3.86° 0.01 0.002

Salmonella spp. 3.412 3.36% 3.26° 3.23° 0.02 0.001

abey/alues with different superscripts in the same row are significantly different (P < 0.05).

Values are means of 5 replicates.

Table 7. Villus height and villus area of the duodenum, jejunum and ileum in hens
fed 0, 0.5, 1.0 and 1.5% dietary bamboo charcoal powder including vinegar liquid
(BCV)

Dietary BCV (%)

Parameters SEM P-value
0 0.5 1.0 1.5

Villus height (mm)
Duodenum 1.41° 1.40° 1.46° 1.44? 0.01 0.003
Jejunum 0.90° 0.93? 0.942 0.93? 0.01 0.040
lleum 0.48 0.48 0.49 0.49 0.01 0.950

Villus area (mm?)
Duodenum 0.121°  0.120°  0.125*  0.126° 0.002 0.001
Jejunum 0.080°  0.085*  0.086°  0.084®°  0.001 0.020
lleum 0.036 0.036 0.038 0.037 0.001 0.543

ab\zalues with different superscripts in the same row are significantly different (P < 0.05).

Values are means of 5 replicates.



