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Project Title: Effects of Dietary Supplementation of Bamboo Charcoal Powder,
Bamboo Vinegar and their Combination on Performance, Egg
Quality, Relative Organ Weights and Intestinal Bacterial Populations

of Laying Hens

Investigator: Jessada Rattanawut, Prince of Songkla University
E-mail Address: jassada.r@psu.ac.th
Project Period: May 2019 — April 2020

ABSTRACT

This experiment examines the effects of bamboo charcoal powder (BC), bamboo
vinegar (BV) and their combination (BCV) in the diet of laying hens on performance, egg
quality, relative organ weights and intestinal bacterial populations. A total of 320 Hisex Brown
hens (36 weeks of age) were divided into 4 treatment groups, with 10 replicates per treatment
and 8 hens per replicate. They were fed on a control diet, the control diet supplemented with
0.8% BC, the control diet supplemented with 0.4% BV or the control diet supplemented with a
combination of BC (0.8%) and BV (0.4%) from 36 to 51 weeks of age. Egg production
increased in the hens fed the BV and BCV diets during the late feeding stage (48-51 weeks of
age) (P<0.05). Damaged egg rate decreased in the hens fed the BV and BCV diets for the
whole experiment (P<0.01). Shell thickness was highest in the BCV-fed group at week 43 and
shell strength was higher in the BV-fed group at week 51 when compared to the control group
(P<0.05). Supplementation of BC or BCV in diet resulted in decreased abdominal fat pad
(P<0.05). In the ileal content, population of Salmonella spp. decreased in the BV and BCV
groups and the population of Lactobacillus spp. increased in the BV group (P<0.05). The
present results indicate that feeding BV or BCV improves egg production, alleviates damaged
egg rate and decreases intestinal pathogenic bacteria, while feeding BC benefits by reducing

abdominal fat.

Keywords: bamboo charcoal, bamboo vinegar, ileal microflora, intestine, laying hen
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A13199 1. gmmm‘mazd’mﬂi:ﬂ aUNILANVBIDIRITNARD

ltem Amount (%)

Ingredient
Corn 53.98
Soybean meal (44% CP) 25.33
Rice bran 4.00
Fish meal (55% CP) 2.00
Oyster shell 8.56
Dicalcium phosphate 1.94
Plant oil 3.49
DL-Methionine 0.10
Salt 0.30
Premix’ 0.30

Calculated analysis

Crude protein 17.0
Metabolizable energy (kcal/kg) 2,820
Crude fiber 3.54
Crude fat 6.45
Calcium 4.10
Available phosphorus 0.42
Lysine 0.91
Methionine 0.38

'Premix: 20.0 MIU vitamin A, 4.0 MIU vitamin Dj, 22,000 IU vitamin E, 4 g vitamin K3, 5 g vit
B4, 10 g vitamin B,, 6 g vitamin Bg 0.06 g vitamin B4,, 15 g vitamin C, 20 g panthothenic
acid, 50 g nicothenic acid, 3 g folic acid, 0.24 g biotin, 23.25 g feed additives, 0.15 g

preservatives, up to 1 kg carrier.
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AN 2. 89AL3zNaUVBINIENWIN I (as-fed basis)

Item %
Moisture 7.50
Ash 4.92
Carbon 62.94
Nitrogen 0.41
Hydrogen 0.03
Gross energy (kcal/kg) 5,540

oH 8.5




@1391 3. uantaniuaivasinduaiulidld (analyzed by GC-MS)

Compound

Relative concentration (%)

Organic acids
Acetic acid
Propanoic acid
Butanoic acid
Pentanoic acid
Acetamide
Benzoic acid
Crotonic acid

Total organic acids
Alcohols
Tetrahydrofurfuryl alcohol
Benzene methanol

Ethanol 1-(3,4-Dimethoxyphenyl)

Benzaldehyde, 4-hydroxy-3-methoxy-

Methanol

Benzene ethanol

Total alcohols

Phenol derivatives
Phenol

Phenol, 2,6-dimethoxy
Phenol, 2-methoxy
Phenol, 4-ethyl

Total phenol derivatives
Methoxy phenol derivatives
P-ethyl-phenol
4-methylphenol
2-Methylaminophenol

4 - methyl-syringol

Total methoxy phenol derivatives

65.79
2.34
0.44
0.37
0.29
0.13
0.13

69.49

5.41
1.01
0.18
0.12
0.05
0.03
6.80

2.94
2.18
1.21
0.75
7.08

1.41
0.86
0.10
0.07
2.44



Aldehyde and ketones
1,2-cyclopentanedione, 3-methyl
2-Cyclopenten-1-one, 2-hydroxy-3-methyl
2-Propanone, 1-hydroxy
4-oxopentanoic acid
2-Cyclopenten-1-one, 3-methyl
Acetoin

1-Hydroxybutan-2-one
Acetovanillone

Total aldehyde and ketones
Heterocyclic aromatic compounds
Pyridine

3-methoxy-pyridine
3-methyl-pyridine

2-methyl-pyridine

2-Imidazolidinone

Total heterocyclic aromatic compounds
Furans

2(3H)-Furanone, dihydro
1,4:3,6-Dianhydro-.alpha.-d-glucopyranose
2(3H)-Furanone, dihydro-5-methyl
2(3H)-Furanone, dihydro-4-methyl
2(5H)-Furanone,3-methyl
1-(Furan-2-yl)propan-1-ol

Total furans

Other compounds

Anhydro-sugar

Phospholane

Guaiacol, 4-ethyl

Methane

Total other compounds

pH

0.90
0.57
0.37
0.37
0.36
0.30
0.17
0.08
3.12

1.33
1.27
0.40
0.26
0.05
3.31

2.88
0.37
0.24
0.17
0.11
0.07
3.84

0.78
0.30
0.25
0.11
1.44
3.0

16
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P
inn 4
AaNIINaaad

AN3IANINNINAAS LN 2

aussnnwnisnaavasliliugasluansef 4 nsiesu BC, BV waz BCV luawnslad
nasanstasuudasuesiming viminla sty Usunmamnsfiin uasUszansnwnsle
21172841 11 (P>0.05) Wanda lulddanuuandranunsadidlugisenylnly 36-47 dland
(P>0.05) udlug2901t) 48-51 Faw wudwawﬁmvhjLﬁuﬁﬂunﬂmjuﬁwmﬂa%u LA N
aaha%’mau‘tunajuﬁm%u BV uaz BCV (P<0.05) LﬁaLa.l%'ﬂuLﬁUuﬁ'umjwmuquwud’]é'mﬁmi
meﬁﬂmmlaq"lflia@aalunﬂmjuﬁlﬁmsl,a%ulumqmq 40-43 FUan# (P<0.05) uazaaadlungy
fL&5y BV uaz BCV lug29818 44-47 FUAH uazAaaan1IMaAnad (P<0.01) 8AIINITUAN
Jomevoslisassadrstaanlulilufssuaas BV lutsany 40-43, 48-51 dUansk uazasaa
MINaaad (P<0.01)

aosnnlal

NRUBINITLEIN BC, BV Uaz BCV 1ummwiaqmmw"bﬂriLLa@ﬂu@]ﬁi’mﬁ' 5 ANUAW
maal,ﬂﬁaﬂvhiﬁmqvlﬁvl,ﬂ 43 §UoA ﬁmgaqﬂiumjwﬁmﬁ‘uﬁw BCV (P<0.05) uaziiuuiliy
Lﬁu*’fuslunﬂﬂQuﬁlﬁmna’%uﬁmﬂﬁﬂﬂ 47 uae 51 &UaW (P<0.1) auudoussvasildanla
o1g/lrila 51 dlland ﬁﬁwgaqmlumjuﬁm’%uﬁw BV (P<0.10) LLﬂZﬁLL%’JI‘IINLﬁwﬁuluﬂﬂﬂ@;wﬁlif
miLa'%aJﬁmq"Lrivbﬂ 43 ez 47 §UAT (P<0.10) N15L&58 BC, BV way BCV lua1n1sbifl
nansenudeiminwasly dawinwdanla dawinlavn dhmnlues #luuas wazdn Haugh
unit (P>0.05)

adunznglunazanymenasanld

°1TE];&JaLﬁlEJ’Jﬁ/U‘i’]WIﬂE]’S/EJ’Jzﬂ’]EIFLuLLazﬂ’J’]ﬁJEJ’]’J‘IJENE\E’]VL%%'LL&@Nlu@nTNﬁ 6 NNILRIY BC,
BV uaz BCV lwawnslifiuansenudainninvasnssimizust nsziwizua au vale s1ldan
WATANENIVBIET LELAN (P>0.05) WANTLESY BC az BCV tua1wiinarinliilasidud lai
lusasriasanadasnelingdraniaiia (P<0.05)

Fwnzasnuaiiselwarldidnauians

dNuInw89 E. coli, Salmonella spp. Wae Lactobacillus spp. bsn l&ana1utans (ileum)
ugasluanef 7 $uanaas E coli ﬁLLmMma@aﬂunﬂmjmﬁﬁmﬂ%msm%w (P<0.10) N7
&3 BV uay BCV luamnsinavinlwdnuiuaas Salmonella spp. a@aal,fial,ﬂ%sml,ﬁwﬁ'umiu
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a o Yo . a X '
AUQN (P<0.05) M3La3y BV luamiilinarinlidruinaas Lactobacillus spp. tANTnaL19
WHFAUNIRDAA (P<0.05)

A19191 4. NAVAINITLESTUNITNW L b FuaIW Ll Il ez TSI 0Nl a1 MITdaRUTIDAN

mmﬁmaa"l,rivl"ﬂumamq 36-51 §UAK

Treatment'

Parameter 0.8% BC + SEM P-value
Control 0.8% BC 0.4% BV
0.4% BV

Body weight change (g) ~ 174.23 18212  160.83 178.28 1332 0.952

Egg production (%)

36-39 weeks 90.40 91.37 93.04 91.34 0.53 0.380
40-43 weeks 90.54 91.47 90.94 89.73 0.78 0.891
44-47 weeks 90.32 91.54 92.41 90.07 0.46 0.297
48-51 weeks 87.35°  88.37% 89.83° 89.92° 0.39 0.046
36-51 weeks 89.65 90.69 91.55 90.26 0.38 0.375

Egg weight (g)

36-39 weeks 60.32 60.42 60.35 60.48 0.27 0.990
40-43 weeks 61.11 61.23 61.27 61.16 0.38 0.991
44-47 weeks 61.80 61.88 62.58 61.69 0.30 0.980
48-51 weeks 63.17 63.28 63.23 63.12 0.13 0.970
36-51 weeks 61.60 61.70 61.61 61.62 0.21 0.990

Egg mass (g/hen/day)

36-39 weeks 54.53 55.20 56.15 55.24 0.42 0.647
40-43 weeks 55.33 56.01 55.71 54.88 0.66 0.941
44-47 weeks 55.81 56.64 57.83 55.56 0.42 0.662
48-51 weeks 55.18 556.92 56.80 56.75 0.28 0.126

36-51 weeks 55.22 55.96 56.40 55.62 0.34 0.692
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A13191 4. NAVAINITLESTUNITW LA b FuaIW Ll Tl Lasm TSI 0Nl a1 MIT6aRUTIDAN

nskAaveslnlilutasey 36-51 §lav (de)

Damaged egg rate (%)

36-39 weeks 0.78 0.77 0.68 0.81 0.02 0.315
40-43 weeks 1.11? 0.88° 0.72° 0.93° 0.03 0.005
44-47 weeks 1.60° 1.69° 1.45° 1.44° 0.02 0.002
48-51 weeks 1.70° 1.75° 1.58° 1.66%° 0.02 0.009
36-51 weeks 1.30° 1.27%° 1.11° 1.21° 0.01 0.005

Feed intake (g/d)

36-39 weeks 107.93 105.28 107.16 106.78 1.05 0.851
40-43 weeks 109.40 108.61 105.13 108.54 1.44 0.745
44-47 weeks 112.09 110.83 111.36 111.22 0.40 0.751
48-51 weeks 113.66 113.14 112.27 113.32 0.45 0.749
36-51 weeks 110.77 109.46 108.98 109.96 0.56 0.726

Feed efficiency (g of egg

mass/g of feed

consumed)
36-39 weeks 0.505 0.524 0.523 0.517 0.006 0.663
40-43 weeks 0.506 0.516 0.530 0.505 0.008 0.870
44-47 weeks 0.498 0.511 0.519 0.500 0.004 0.657
48-51 weeks 0.485 0.494 0.506 0.501 0.003 0.200
36-51 weeks 0.498 0.511 0.517 0.506 0.003 0.321

abo/alues with different superscripts in the same row are significantly different (P<0.05).
'The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo vinegar
(BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 10 replicates.
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A5 5. NATAINILESUNITW b b vduawlalle LLa:mﬂ%s"smﬁ'ulummwiaqmmw"lﬂﬁ

mq 39, 43, 47 LA 51 é’ﬂ@]’]ﬁ

Treatment'
Parameter 0.8% BC + SEM P-value
Control  0.8% BC  0.4% BV
0.4% BV
Egg weight (g)
39 weeks 60.35 60.30 60.44 60.49 0.13 0.965
43 weeks 61.21 61.15 61.25 61.28 0.18 0.990
47 weeks 61.53 61.68 61.75 61.63 0.13 0.956
51 weeks 63.41 63.61 63.46 63.42 0.10 0.896
Eggshell weight (g)
39 weeks 6.67 6.65 6.80 6.75 0.04 0.570
43 weeks 6.77 6.73 6.75 6.86 0.04 0.737
47 weeks 6.89 6.93 6.95 7.01 0.06 0.930
51 weeks 6.72 6.94 6.76 6.80 0.05 0.550
Eggshell percent (%)
39 weeks 11.05 11.02 11.25 11.16 0.06 0.636
43 weeks 11.06 11.00 11.02 11.19 0.06 0.732
47 weeks 11.19 11.23 11.25 11.37 0.11 0.945
51 weeks 10.60 10.91 10.65 10.72 0.08 0.632
Eggshell thickness (mm)
39 weeks 0.374 0.381 0.375 0.373 0.002 0.665
43 weeks 0.366°  0.379%° 0.373% 0.388" 0.002 0.029
47 weeks 0.371 0.383 0.385 0.386 0.002 0.082
51 weeks 0.370 0.377 0.383 0.376 0.002 0.095
Eggshell strength (kg/cmz)
39 weeks 4.01 4.22 4.34 4.06 0.07 0.400
43 weeks 4.11 4.39 4.45 4.39 0.05 0.085
47 weeks 4.13 4.38 4.44 4.52 0.05 0.073
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dl a 1 1 g‘ U > 1 U % ] Id.
A191911 5. NAVAINTLETUNITW b3l bl vndua I Lol led LLazmﬂmmﬂﬂummmaqmmwvlmw

o [ '
a1 39, 43, 47 Uae 51 §UAWA (da)

51 weeks 3.85° 4.10% 4.29° 4.12%° 0.05 0.045

Albumen weight (g)

39 weeks 39.01 39.01 38.80 38.99 0.18 0.976
43 weeks 38.53 38.55 38.44 38.56 0.17 0.995
47 weeks 38.99 38.97 38.93 39.00 0.19 0.990
51 weeks 40.29 40.39 40.31 40.35 0.17 0.997

Yolk weight (g)

39 weeks 14.67 14.64 14.84 14.75 0.09 0.885
43 weeks 15.91 15.87 16.06 15.86 0.09 0.880
47 weeks 15.65 15.78 15.87 15.62 0.10 0.851
51 weeks 16.40 16.28 16.39 16.27 0.10 0.952

Yolk color score

39 weeks 8.66 8.61 8.80 8.68 0.09 0.920
43 weeks 8.65 8.67 8.57 8.60 0.08 0.971
47 weeks 8.57 8.46 8.23 8.62 0.09 0.441
51 weeks 8.23 8.18 8.34 8.29 0.06 0.828
Haugh unit
39 weeks 88.22 87.95 88.06 88.15 0.62 0.990
43 weeks 87.50 88.57 87.79 88.70 0.56 0.857
47 weeks 89.24 88.67 88.91 89.47 0.51 0.950
51 weeks 88.27 88.13 88.74 89.69 0.54 0.776

abyalues with different superscripts in the same row are significantly different (P<0.05).
'The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo vinegar
(BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 10 replicates.
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M191971 6. WAVAINITLRINNIAIW b L BIRUAIW LA LN LaznIT T 8 A BlKaIrITd 0 1n N

altzmely uazau e ldan (g/100 g BW)

Treatment'
Parameter 0.8% BC + SEM P-value
Control 0.8% BC 0.4% BV
0.4% BV
Live weight (g) 1,750.10 1,736.50 1,719.20 1,743.00 9.08 0.690
Proventriculus (%) 0.42 0.46 0.49 0.45 0.02 0.524
Gizzard (%) 1.50 1.38 1.63 1.52 0.05 0.421
Liver (%) 273 2.75 2.73 2.71 0.05 0.990
Heart (%) 0.49 0.48 0.50 0.53 0.02 0.884
Abdominal fat (%) 2.98° 2.36° 2.73® 2.48° 0.08  0.045
Total intestinal weight (%) 2.72 2.45 2.78 2.57 0.08 0.574
Total intestinal length (cm) 141.80 146.30 141.90 152.50 2.82 0.530

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

'The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo vinegar

(BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 5 replicates.

ldl a 1 1 :' v a 1 U a 1 a
A131917 7. WAVAINITLRINNITIW LA b dFua I Ll bl wazn1slgsiunwluatnisdalsuno

wuafiiselud ldanaaudaisvaslnla (log10 cfulg of wet digesta)

Treatment'
Parameter 0.8% BC + SEM P-value
Control 0.8% BC 0.4% BV
0.4% BV
Escherichia coli 4.26 4.24 4.22 4.24 0.004 0.066
Salmonella spp. 3.89° 3.86% 3.84° 3.85° 0.006 0.042
Lactobacillus spp. 4.16° 4.17° 4.19° 4.17° 0.003 0.041

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

'The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo vinegar

(BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 5 replicates.
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Abstract

This experiment examines the effects of bamboo charcoal powder (BC), bamboo vinegar (BV), and their
combination (BCV) in the diet of laying hens on performance, egg quality, relative organ weights, and
intestinal bacterial populations. A total of 320 laying hens (36 weeks of age) were divided into 4
treatment groups, with 10 replicates per treatment and 8 hens per replicate. They were fed on a control
diet, the control diet supplemented with 0.8% BC, the control diet supplemented with 0.4% BV or the
control diet supplemented with a combination of BC (0.8%) and BV (0.4%) from 36 to 51 weeks of age.
Egg production increased in the hens fed the BV and BCV diets during 48 to 51 weeks of age (P < 0.05).
Damaged egg rate decreased in the hens fed the BV and BCV diets for the whole experiment (P < 0.05).
Shell thickness was highest in the BCV-fed group at week 43, and shell strength was higher in the BV-fed
group at week 51 (P < 0.05). Supplementation of BC or BCV in the diet resulted in a decreased
abdominal fat pad (P < 0.05). In the ileal content, the population of Salmonella spp. decreased in the BV
and BCV groups and the population of Lactobacillus spp. increased in the BV group (P < 0.05). The
present results indicate that feeding BV or BCV alleviates damaged egg rate and decreases intestinal
pathogenic bacteria, while feeding BC benefits by reducing abdominal fat. These results suggest that the
effect of BCV seems to be induced by the synergistic effect of BC and BV, and that the BCV contributes

to the effective use of bamboo on the laying hen's production.

Keywords Bamboo charcoal * Bamboo vinegar ¢ lleal microflora ¢ Intestine « Laying hen
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Introduction

The eggshell is known to be important to strengthen eggs and to protect the egg content from the
microbial. Some eggs are broken during transportation from farm to market. Such broken eggs cause
economic damage due to no keeping a high egg quality. Therefore, the egg must be enough hardness to
resist all processes from laying to arrive to the consumer. Besides, with the aging of hens, eggshell quality
decreases due to reductions of the 1-a-hydroxylase (the enzyme responsible for the activation of vitamin
D metabolite in the kidneys) and the efficiency of calcium absorption as well as by the larger size of the
eggs produced by these older layers (Pizzolante et al. 2009). To improve these disadvantages of egg
quality, chemical medicines, and supplemented antibiotics in the diet have been used worldwide.
However, the continued use of antibiotics has induced the development of drug-resistant bacteria inside
the poultry body. Therefore, alternatives are being developed to launch a good way to produce safety and
secure meat and eggs using natural resources without using chemicals.

Many bamboos are distributed in Southeast Asia, and its carbon had effectively traditionally
used in swidden agriculture (slash-and-burn agriculture) for fertilizing the soil. After swidden agriculture
was banned, bamboo has been wasted without effectively using except pulp material, etc. In the livestock
industry, bamboo charcoal powder (BC) is used as a deodorant effect due to its ammonia adsorption
power (Asada et al. 2006). Bamboo vinegar (BV) is a brown-red transparent liquid produced during the
pyrolysis of bamboo charcoal and contains more than 200 accessory ingredients, including organic acids,
phenolic compounds, alcohols, furans, aldehydes and ketones (Mu et al. 2004). A commercial mixture
(BCV) of BC and BV has been formulated and tested as an animal feed supplement, and it has a positive
influence on duck growth (Ruttanavut et al. 2009) as well as on layer performance (Yamauchi et al.
2010). As this product is a mixture of BC and BV, it is not yet clear whether these improved poultry
performance results were due directly to an effect of one of them or to a combined effect of both
substances. Besides, it is necessary to reduce production costs because BCV production takes a lot of time
and cost. To our knowledge, no work has yet published on the effect of dietary BC alone feeding in
poultry except that the higher than 1% dietary wood (oak) charcoal diet decreased feed intake (Kutlu et al.
2001), although 0.4% dietary BV diet improved performance in egg-laying ducks (Rattanawut et al.

2019).
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The purpose of this experiment was, therefore, to investigate the effects of 0.8% dietary BC,
0.4% dietary BV and dietary BCV diets of their mixture on egg production performance, egg quality,
relative organ weights and intestinal bacterial populations in laying hens, and to demonstrate which of

these three components improves best for production performance.

Materials and methods

Birds and management

All the conducted experimental methods were approved by the Animal Care and Use Committee of
Prince of Songkla University. A total of 320 Hisex Brown hens (36-week-old) with similar mean body
weights and egg production levels were randomly obtained. The laying hens were divided into four
groups (group 1-4) and each group comprised of 10 replicates, and each replicate had 8 birds with a cage
floor area of 900 cm? per bird. During the experiment, the hens had free access to mash feed and water
(from nipple drinkers), and hens were exposed under light for 16 hours and were exposed for 8 hours
under dark conditions. Laying hens were fed with diet in the following directions: group 1 hens were fed
with basal diet (Table 1) and are considered as control, group 2 hens were fed with basal diet + BC
(0.8%), group 3 hens were fed with basal diet + BV (0.4%), and group 4 hens were fed with basal diet +
BC (0.8%) + BV (0.4%). Commercial BC (pH = 8.5) and BV (pH = 3.0) were purchased from a company
located in Prachinburi province, Thailand. Composition of BC and flavor compounds of BV were
analyzed in the university laboratory and the obtained results are given in Tables 2 and 3, respectively.
Hens were fed for a total period of 16 weeks. Every 4 weeks of an interval, the hens and their eggs were
measured of the following experiments.

Laying performance and egg quality

Body weight of hens was measured using an electronic weighing balance, and the weight was recorded at
the beginning and the end of experiments (at 36 and 51 weeks of age, respectively). The results were
expressed as body weight change (g). Laying performance such as feed intake (g), feed efficiency, egg
production (%), egg weight (g), egg mass (g per hen per day), damaged egg rate (%) was measured based
on the method of Rattanawut et al. (2018). Egg quality such as whole egg weight (g), eggshell strength
(kg per cm?) and thickness (mm), eggshell weight (g), aloumen weight (g), yolk weight (g), yolk color

score, and egg's Haugh unit were measured in accordance with the method of Rattanawut et al. (2019).
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Protocol for gross anatomical evaluation of the visceral organs

At the end of feeding period, 5 laying hens with body weight close to the mean were selected from each
group, weighed and euthanized. Subsequently, the abdominal fat, heart, liver, proventriculus, gizzard and
the small intestines were collected to observe gross anatomical changes. The weight of empty organs was
expressed relative to 100 g body weight and whole intestinal lengths are expressed in centimeters.
Intestinal microflora analyses

At the end of the experiment, lleal digesta contents (5 samples/diet) were collected from the hens and
measured of the intestinal microflora such as E. coli, Salmonella spp., and Lactobacillus spp. were
measured using the method of Rattanawut et al. (2018). The obtained colonies of each sample were

counted, and the results were expressed in log10 CFU per gram of fresh weight.

Statistical analysis

The results are shown in the tables as the mean with standard errors. The collected experimental data
were analyzed statistically using a one-way analysis of variance (ANOVA) at a level of P < 0.05 as
significant. The differences of mean between the treatments and control were measured by Duncan's

multiple range test using the SPSS program (SPSS Inc., Chicago, IL, USA).

Results

Laying performance

The layer performance results are presented in Table 4. Body weight changes, egg weight, egg mass, feed
intake and feed efficiency were non significantly differed among the different groups (P > 0.05).
Although overall egg production did not show a statistically significant difference, the egg production
was found higher in all the treatments as compared to control, and the changes were exhibited in the hens
that fed with BV and BCV diets during the late feeding stage (48-51 weeks of age) (P < 0.05). The
damaged egg rate decreased in all treated groups during the 40-43 weeks-of-age period (P < 0.05) and
decreased in BV and BCV groups during 44-47 weeks-of-age (P < 0.05) as compared to the control
groups. The rate of the damaged egg was strongly reduced in the hens fed with the BV diet during the

period between the 40-43, 48-51 weeks-of-age, and the whole period (P < 0.05).
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Egg quality traits

The dietary effect of BC, BV, and BCV supplementation on egg quality in laying hens are given in Table
5. Eggshell thickness was higher for hens fed with the BCV diet during week 43 (P < 0.05) and tended to
increase in all supplemented groups at weeks 47 (P = 0.082) and 51 (P = 0.095). Eggshell strength was
the highest in the BV-fed group at week 51 (P < 0.05) and tended to increase in all supplemented groups
at weeks 43 (P = 0.085) and 47 (P = 0.073). Non-significant differences were observed in the treated and
control sample on whole egg weight, eggshell weight, albumen weight, yolk weight, yolk color, and

Haugh unit (P > 0.05).

Visceral organs and intestinal morphology

Data of visceral organs are shown in Table 6. Supplementation of BC or BCV in the diet resulted in a
decreased abdominal fat pad (P < 0.05). Non-significant differences were observed between the groups

concerning proventriculus, gizzard, liver, heart, intestinal weight, or intestinal length (P > 0.05).

lleal microflora population

As presented in Table 7, the population of ileal E. coli tended to decrease in all supplemented groups (P =
0.066). The Salmonella spp. numbers were significantly reduced in BV and BCV groups when compared
with control (P < 0.05). The number of Lactobacillus spp. significantly increased in the hens fed BV diet

(P <0.05).

Discussion

Although the overall egg production was not improved in all the treated groups, this study found that the
hens fed with the BV and BCV diets during the late feeding stage (48-51 weeks of age), had significantly
increased the egg production. These results reveal that long-term feeding of BV or BCV diets can
increase the egg production performance of hens. The addition of BV and BCV as the feed supplement
for the long term could improve the hen's gut health and thus consequently, improved egg production. BV

contains many ingredients, including organic acids, phenols, aldehydes, ketones, furans, heterocyclic
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aromatic compounds, and alcohols (Rattanawut et al. 2018). The main components in BV are organic
acids, particularly acetic acid, which played a key role in modifying the pH and balanced the microflora
in the intestines. Samanta et al. (2010) found that the addition of BV could increase the gastric proteolysis
effect and protein digestibility in the hen guts. In another study, Jacela et al. (2009) observed that the use
of BV as a feed supplement had significantly reduced the pathogenic bacteria in the gut. Many studies
have proved that the BC has a higher absorption capacity than the general wood charcoal and BC could
effectively absorb and eliminate the noxious substances and helped improve the absorption of nutrients
from feed and its digestibility in the gastrointestinal tract of the hen (ChungPin et al. 2004; Watarai and

Tana, 2005).

In our study, feeding BC alone did not improve egg production when compared to the control
group. This might be related to an increase in gut pH after feeding BC, which could adversely affect the
nutrient digestion and equilibrium of bacterial flora in the gastrointestinal tract. On the other hand, the
overall damaged egg rate was considerably reduced in the hens when fed with BV and BCV diets, and
these positive effects were most pronounced in the case of BV. A lower level of damaged egg rate by BV
and BCV supplements was correlated with the increased eggshell quality, especially the shell thickness
and shell strength. An increase of eggshell thickness was noticed when the hens fed with the BCV diet at
week 43, and on the other hand, a significant improvement in the eggshell strength was a notice on week
51 when the hen fed with BV. Studies have reported that the minerals particularly Ca plays a significant
role in the improvement of eggshell quality and the addition of organic acids as the feed supplement in
the hen diet could adjust the intestinal pH and as well as the Ca solubility and absorbability (Abdel-Fattah
et al. 2008; Soltan 2008; Sengor et al. 2007; Park et al. 2002). Swiatkiewicz et al. (2010) also reported
that the pH reduction in the hen gastrointestinal tract could increase the activity of digestive enzymes and
increase the utilization of calcium and phosphorus in the intestine. Kutlu et al. (2001) found that the
feeding wood charcoal in hen diet improved mineral intake particularly calcium, potassium, and
magnesium and thus, reduced the incidence of cracked eggs and their study also found that feeding wood
charcoal could control fat deposition in the hen abdomen by promoting the fat excretion from the body.
This is in accordance with this present study. The population of ileal E. coli tended to decrease in all
supplemented groups, and the count of Salmonella spp. was significantly reduced in BV and BCV groups

while the population of Lactobacillus spp. increased in the BV fed group. This could be due to the effect
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of organic acids from BV, which promotes the growth of beneficial bacteria to dominate against the
pathogenic bacteria in the gastrointestinal tract. Generally, most of the pathogenic bacteria, particularly
neutrophils (E. coli, staphylococci, and Salmonella spp.) could not be able to live in the acidic pH
conditions of the gut, whereas the growth of beneficial bacterial flora such as Enterococcus faecium,
Bifidobacterium thermophilum, and Lactobacillus spp. is enhanced by acidic conditions (Vinus et al.
2017). BV added in the hen diets could maintain a lower level of pH in the gastric contents and
subsequently alter the intestinal microflora and improved the positive effect on the hen's health.
Improvement of the intestinal health in laying hens may optimize nutrient absorption and thus improve
production performance. In addition to the beneficial effects of organic acid on improving intestinal
health, the phenolic compounds in bamboo vinegar reportedly have antibacterial activity against Gram-

negative bacteria like E. coli and S. Typhimurium (Pacheco-Ordaz et al. 2017).

According to the results of the current study, feeding of BV and BCV could improve egg
production performance in the late feeding stage and decrease the rate of damaged eggs, while feeding of
BC could decrease abdominal fat of laying hens. These results suggest that the effect of BCV seems to be
induced by the synergistic effect of BC and BV, and that the BCV contributes to the effective use of

bamboo on the laying hen's production.
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Table 1 Feed formulation and chemical composition of the basal diet

11

Item Amount (%)

Ingredient
Corn 53.98
Soybean meal (44% CP) 25.33
Rice bran 4.00
Fish meal (55% CP) 2.00
Oyster shell 8.56
Dicalcium phosphate 1.94
Plant oil 3.49
DL-Methionine 0.10
Salt 0.30
Premix! 0.30

Calculated analysis
Crude protein 17.0
Metabolizable energy (kcal/kg) 2820
Crude fiber 3.54
Crude fat 6.45
Calcium 4.10
Available phosphorus 0.42
Lysine 0.91
Methionine 0.38

acid, 3 g folic acid, 0.24 g biotin, 23.25 g feed additives, 0.15 g preservatives, up to 1 kg carrier.

Premix: 20.0 MIU vitamin A, 4.0 MIU vitamin D3, 22,000 IU vitamin E, 4 g vitamin K3, 5 g vit B;, 10 g

vitamin By, 6 g vitamin Bs 0.06 g vitamin Biz, 15 g vitamin C, 20 g panthothenic acid, 50 g nicothenic
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Table 2 Composition of bamboo charcoal powder (as-fed basis)

12

Item Composition (%)
Moisture 7.50
Ash 4.92
Carbon 62.94
Nitrogen 0.41
Hydrogen 0.03
Gross energy (kcal/kg) 5,540

Table 3 Chemical constituents of the bamboo vinegar analyzed by GC-MS

Compound Relative concentration (%)
Organic acids 69.49
Phenol derivatives 7.08
Alcohols 6.80
Furans 3.84
Heterocyclic aromatic compounds 3.31
Aldehyde and ketones 3.12
Methoxy phenol derivatives 244
Other compounds 1.44
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Table 4 Effects of bamboo charcoal powder (BC), bamboo vinegar (BV) and their combination on

performance of laying hens during 36-51 weeks of age

Treatment!
Parameter contral 0.6% BC 0.4% BV 8322 B?/C + SEM P-value
Body weight change (g) 17423  182.12 160.83 178.28 13.32 0.952
Egg production (%)
36-39 weeks 90.40 91.37 93.04 91.34 0.53 0.380
40-43 weeks 90.54 91.47 90.94 89.73 0.78 0.891
44-47 weeks 90.32 91.54 92.41 90.07 0.46 0.297
48-51 weeks 87.35° 88.37% 89.832 89.922 0.39 0.046
36-51 weeks 89.65 90.69 91.55 90.26 0.38 0.375
Egg weight (9)
36-39 weeks 60.32 60.42 60.35 60.48 0.27 0.990
40-43 weeks 61.11 61.23 61.27 61.16 0.38 0.991
44-47 weeks 61.80 61.88 62.58 61.69 0.30 0.980
48-51 weeks 63.17 63.28 63.23 63.12 0.13 0.970
36-51 weeks 61.60 61.70 61.61 61.62 0.21 0.990
Egg mass (g/hen/day)
36-39 weeks 54.53 55.20 56.15 55.24 0.42 0.647
40-43 weeks 55.33 56.01 55.71 54.88 0.66 0.941
44-47 weeks 55.81 56.64 57.83 55.56 0.42 0.662
48-51 weeks 55.18 55.92 56.80 56.75 0.28 0.126
36-51 weeks 55.22 55.96 56.40 55.62 0.34 0.692
Damaged egg rate (%)
36-39 weeks 0.78 0.77 0.68 0.81 0.02 0.315
40-43 weeks 1.112 0.88° 0.72¢ 0.93P 0.03 0.005
44-47 weeks 1.602 1.692 1.45° 1.44° 0.02 0.002
48-51 weeks 1.702 1.752 1.58° 1.66% 0.02 0.009
36-51 weeks 1.302 1.27%® 1.11¢ 1.21° 0.01 0.005

Feed intake (g/d)
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36-39 weeks
40-43 weeks
44-47 weeks
48-51 weeks
36-51 weeks

Feed efficiency (g of egg
mass/g of feed consumed)

36-39 weeks
40-43 weeks
44-47 weeks
48-51 weeks

36-51 weeks

107.93
109.40
112.09
113.66

110.77

0.505
0.506
0.498
0.485

0.498

105.28
108.61
110.83
113.14

109.46

0.524
0.516
0.511
0.494

0.511

107.16
105.13
111.36
112.27
108.98

0.523
0.530
0.519
0.506

0.517

106.78
108.54
111.22
113.32

109.96

0.517
0.505
0.500
0.501

0.506

1.05
1.44
0.40
0.45
0.56

0.006
0.008
0.004
0.003

0.003

14

0.851
0.745
0.751
0.749

0.726

0.663
0.870
0.657
0.200

0.321

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

1The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo

vinegar (BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 10 replicates.
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Table 5 Effects of bamboo charcoal powder (BC), bamboo vinegar (BV) and their combination on egg

quality traits of laying hens at 39, 43, 47 and 51 weeks of age

Treatment!
Parameter contral 0.6% BC 0.4% BV 8322 B?/C + SEM P-value
Egg weight (g)
39 weeks 60.35 60.30 60.44 60.49 0.13 0.965
43 weeks 61.21 61.15 61.25 61.28 0.18 0.990
47 weeks 61.53 61.68 61.75 61.63 0.13 0.956
51 weeks 63.41 63.61 63.46 63.42 0.10 0.896
Eggshell weight (g)
39 weeks 6.67 6.65 6.80 6.75 0.04 0.570
43 weeks 6.77 6.73 6.75 6.86 0.04 0.737
47 weeks 6.89 6.93 6.95 7.01 0.06 0.930
51 weeks 6.72 6.94 6.76 6.80 0.05 0.550
Eggshell thickness (mm)
39 weeks 0.374 0.381 0.375 0.373 0.002 0.665
43 weeks 0.366" 0.379%® 0.373% 0.3882 0.002 0.029
47 weeks 0.371 0.383 0.385 0.386 0.002 0.082
51 weeks 0.370 0.377 0.383 0.376 0.002 0.095
Eggshell strength (kg/cm?)
39 weeks 4.01 4.22 4.34 4.06 0.07 0.400
43 weeks 411 4.39 4.45 4.39 0.05 0.085
47 weeks 4.13 4.38 4.44 4.52 0.05 0.073
51 weeks 3.85° 4.10% 4.292 4.12% 0.05 0.045
Albumen weight ()
39 weeks 39.01 39.01 38.80 38.99 0.18 0.976
43 weeks 38.53 38.55 38.44 38.56 0.17 0.995
47 weeks 38.99 38.97 38.93 39.00 0.19 0.990
51 weeks 40.29 40.39 40.31 40.35 0.17 0.997

Yolk weight (g)
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39 weeks
43 weeks
47 weeks
51 weeks
Yolk color score
39 weeks
43 weeks
47 weeks
51 weeks
Haugh unit
39 weeks
43 weeks
47 weeks

51 weeks

14.67
15.91
15.65

16.40

8.66
8.65
8.57

8.23

88.22
87.50
89.24

88.27

14.64
15.87
15.78

16.28

8.61
8.67
8.46

8.18

87.95
88.57
88.67

88.13

14.84
16.06
15.87

16.39

8.80
8.57
8.23

8.34

88.06
87.79
88.91

88.74

14.75
15.86
15.62

16.27

8.68
8.60
8.62

8.29

88.15
88.70
89.47

89.69

0.09
0.09
0.10

0.10

0.09
0.08
0.09
0.06

0.62
0.56
0.51

0.54

16

0.885
0.880
0.851

0.952

0.920
0.971
0.441

0.828

0.990
0.857
0.950

0.776

abvalues with different superscripts in the same row are significantly different (P<0.05).
1The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo

vinegar (BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 10 replicates.
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Table 6 Effects of dietary bamboo charcoal powder (BC), bamboo vinegar (BV) and their combination

on relative organ weights of laying hens (g/100 g BW)

Treatment!
Parameter contral 0.6% BC 04% BY 0082/((% BBCV+ SEM P-value
Live weight (g) 1,750.10 1,736.50 1719.20 1,743.00 9.08 0.690
Proventriculus (%) 0.42 0.46 0.49 0.45 0.02 0.524
Gizzard (%) 1.50 1.38 1.63 1.52 0.05 0421
Liver (%) 2.73 2.75 2.73 271 0.05 0.990
Heart (%) 0.498 0.480 0.504 0.534 0.02 0.884
Abdominal fat (%) 2.98? 2.36° 2.73%® 2.48P 0.08 0.045
Total intestinal weight (%) 2.72 245 2.78 2.57 0.08 0.574
Total intestinal length (cm) 141.80 146.30 141.90 152.50 2.82 0.530

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

1The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo

vinegar (BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 5 replicates.
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Table 7 lleal microflora counts of hens fed dietary bamboo charcoal powder (BC), bamboo vinegar (BV)

and their combination (log10 cfu/g of wet digesta)

Treatment?
Parameter SEM P-value
0.8% BC +
0, 0,
Control 0.8% BC 0.4% BV 0.4% BV
Escherichia coli 4.26 4.24 4,22 4.24 0.004 0.066
Salmonella spp. 3.89¢ 3.86% 3.840 3.850 0.006 0.042
Lactobacillus spp. 4.16° 4.17° 4,192 4.17° 0.003 0.041

aby/alues with different superscripts in the same row are significantly different (P<0.05).
1The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo
vinegar (BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 5 replicates.
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Abstract

This experiment examines the effects of bamboo charcoal powder (BC), bamboo vinegar (BV), and their
combination (BCV) in the diet of laying hens on performance, egg quality, relative organ weights, and
intestinal bacterial populations. A total of 320 laying hens (36 weeks of age) were divided into 4
treatment groups, with 10 replicates per treatment and 8 hens per replicate. They were fed on a control
diet, the control diet supplemented with 0.8% BC, the control diet supplemented with 0.4% BV or the
control diet supplemented with a combination of BC (0.8%) and BV (0.4%) from 36 to 51 weeks of age.
Egg production increased in the hens fed the BV and BCV diets during 48 to 51 weeks of age (P < 0.05).
Damaged egg rate decreased in the hens fed the BV and BCV diets for the whole experiment (P < 0.05).
Shell thickness was highest in the BCV-fed group at week 43, and shell strength was higher in the BV-fed
group at week 51 (P < 0.05). Supplementation of BC or BCV in the diet resulted in a decreased
abdominal fat pad (P < 0.05). In the ileal content, the population of Salmonella spp. decreased in the BV
and BCV groups and the population of Lactobacillus spp. increased in the BV group (P < 0.05). The
present results indicate that feeding BV or BCV alleviates damaged egg rate and decreases intestinal
pathogenic bacteria, while feeding BC benefits by reducing abdominal fat. These results suggest that the
effect of BCV seems to be induced by the synergistic effect of BC and BV, and that the BCV contributes

to the effective use of bamboo on the laying hen's production.

Keywords Bamboo charcoal * Bamboo vinegar ¢ lleal microflora ¢ Intestine « Laying hen



37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

Introduction

The eggshell is known to be important to strengthen eggs and to protect the egg content from the
microbial. Some eggs are broken during transportation from farm to market. Such broken eggs cause
economic damage due to no keeping a high egg quality. Therefore, the egg must be enough hardness to
resist all processes from laying to arrive to the consumer. Besides, with the aging of hens, eggshell quality
decreases due to reductions of the 1-a-hydroxylase (the enzyme responsible for the activation of vitamin
D metabolite in the kidneys) and the efficiency of calcium absorption as well as by the larger size of the
eggs produced by these older layers (Pizzolante et al. 2009). To improve these disadvantages of egg
quality, chemical medicines, and supplemented antibiotics in the diet have been used worldwide.
However, the continued use of antibiotics has induced the development of drug-resistant bacteria inside
the poultry body. Therefore, alternatives are being developed to launch a good way to produce safety and
secure meat and eggs using natural resources without using chemicals.

Many bamboos are distributed in Southeast Asia, and its carbon had effectively traditionally
used in swidden agriculture (slash-and-burn agriculture) for fertilizing the soil. After swidden agriculture
was banned, bamboo has been wasted without effectively using except pulp material, etc. In the livestock
industry, bamboo charcoal powder (BC) is used as a deodorant effect due to its ammonia adsorption
power (Asada et al. 2006). Bamboo vinegar (BV) is a brown-red transparent liquid produced during the
pyrolysis of bamboo charcoal and contains more than 200 accessory ingredients, including organic acids,
phenolic compounds, alcohols, furans, aldehydes and ketones (Mu et al. 2004). A commercial mixture
(BCV) of BC and BV has been formulated and tested as an animal feed supplement, and it has a positive
influence on duck growth (Ruttanavut et al. 2009) as well as on layer performance (Yamauchi et al.
2010). As this product is a mixture of BC and BV, it is not yet clear whether these improved poultry
performance results were due directly to an effect of one of them or to a combined effect of both
substances. Besides, it is necessary to reduce production costs because BCV production takes a lot of time
and cost. To our knowledge, no work has yet published on the effect of dietary BC alone feeding in
poultry except that the higher than 1% dietary wood (oak) charcoal diet decreased feed intake (Kutlu et al.
2001), although 0.4% dietary BV diet improved performance in egg-laying ducks (Rattanawut et al.

2019).
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The purpose of this experiment was, therefore, to investigate the effects of 0.8% dietary BC,
0.4% dietary BV and dietary BCV diets of their mixture on egg production performance, egg quality,
relative organ weights and intestinal bacterial populations in laying hens, and to demonstrate which of

these three components improves best for production performance.

Materials and methods

Birds and management

All the conducted experimental methods were approved by the Animal Care and Use Committee of
Prince of Songkla University. A total of 320 Hisex Brown hens (36-week-old) with similar mean body
weights and egg production levels were randomly obtained. The laying hens were divided into four
groups (group 1-4) and each group comprised of 10 replicates, and each replicate had 8 birds with a cage
floor area of 900 cm? per bird. During the experiment, the hens had free access to mash feed and water
(from nipple drinkers), and hens were exposed under light for 16 hours and were exposed for 8 hours
under dark conditions. Laying hens were fed with diet in the following directions: group 1 hens were fed
with basal diet (Table 1) and are considered as control, group 2 hens were fed with basal diet + BC
(0.8%), group 3 hens were fed with basal diet + BV (0.4%), and group 4 hens were fed with basal diet +
BC (0.8%) + BV (0.4%). Commercial BC (pH = 8.5) and BV (pH = 3.0) were purchased from a company
located in Prachinburi province, Thailand. Composition of BC and flavor compounds of BV were
analyzed in the university laboratory and the obtained results are given in Tables 2 and 3, respectively.
Hens were fed for a total period of 16 weeks. Every 4 weeks of an interval, the hens and their eggs were
measured of the following experiments.

Laying performance and egg quality

Body weight of hens was measured using an electronic weighing balance, and the weight was recorded at
the beginning and the end of experiments (at 36 and 51 weeks of age, respectively). The results were
expressed as body weight change (g). Laying performance such as feed intake (g), feed efficiency, egg
production (%), egg weight (g), egg mass (g per hen per day), damaged egg rate (%) was measured based
on the method of Rattanawut et al. (2018). Egg quality such as whole egg weight (g), eggshell strength
(kg per cm?) and thickness (mm), eggshell weight (g), aloumen weight (g), yolk weight (g), yolk color

score, and egg's Haugh unit were measured in accordance with the method of Rattanawut et al. (2019).
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Protocol for gross anatomical evaluation of the visceral organs

At the end of feeding period, 5 laying hens with body weight close to the mean were selected from each
group, weighed and euthanized. Subsequently, the abdominal fat, heart, liver, proventriculus, gizzard and
the small intestines were collected to observe gross anatomical changes. The weight of empty organs was
expressed relative to 100 g body weight and whole intestinal lengths are expressed in centimeters.
Intestinal microflora analyses

At the end of the experiment, lleal digesta contents (5 samples/diet) were collected from the hens and
measured of the intestinal microflora such as E. coli, Salmonella spp., and Lactobacillus spp. were
measured using the method of Rattanawut et al. (2018). The obtained colonies of each sample were

counted, and the results were expressed in log10 CFU per gram of fresh weight.

Statistical analysis

The results are shown in the tables as the mean with standard errors. The collected experimental data
were analyzed statistically using a one-way analysis of variance (ANOVA) at a level of P < 0.05 as
significant. The differences of mean between the treatments and control were measured by Duncan's

multiple range test using the SPSS program (SPSS Inc., Chicago, IL, USA).

Results

Laying performance

The layer performance results are presented in Table 4. Body weight changes, egg weight, egg mass, feed
intake and feed efficiency were non significantly differed among the different groups (P > 0.05).
Although overall egg production did not show a statistically significant difference, the egg production
was found higher in all the treatments as compared to control, and the changes were exhibited in the hens
that fed with BV and BCV diets during the late feeding stage (48-51 weeks of age) (P < 0.05). The
damaged egg rate decreased in all treated groups during the 40-43 weeks-of-age period (P < 0.05) and
decreased in BV and BCV groups during 44-47 weeks-of-age (P < 0.05) as compared to the control
groups. The rate of the damaged egg was strongly reduced in the hens fed with the BV diet during the

period between the 40-43, 48-51 weeks-of-age, and the whole period (P < 0.05).
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Egg quality traits

The dietary effect of BC, BV, and BCV supplementation on egg quality in laying hens are given in Table
5. Eggshell thickness was higher for hens fed with the BCV diet during week 43 (P < 0.05) and tended to
increase in all supplemented groups at weeks 47 (P = 0.082) and 51 (P = 0.095). Eggshell strength was
the highest in the BV-fed group at week 51 (P < 0.05) and tended to increase in all supplemented groups
at weeks 43 (P = 0.085) and 47 (P = 0.073). Non-significant differences were observed in the treated and
control sample on whole egg weight, eggshell weight, albumen weight, yolk weight, yolk color, and

Haugh unit (P > 0.05).

Visceral organs and intestinal morphology

Data of visceral organs are shown in Table 6. Supplementation of BC or BCV in the diet resulted in a
decreased abdominal fat pad (P < 0.05). Non-significant differences were observed between the groups

concerning proventriculus, gizzard, liver, heart, intestinal weight, or intestinal length (P > 0.05).

lleal microflora population

As presented in Table 7, the population of ileal E. coli tended to decrease in all supplemented groups (P =
0.066). The Salmonella spp. numbers were significantly reduced in BV and BCV groups when compared
with control (P < 0.05). The number of Lactobacillus spp. significantly increased in the hens fed BV diet

(P <0.05).

Discussion

Although the overall egg production was not improved in all the treated groups, this study found that the
hens fed with the BV and BCV diets during the late feeding stage (48-51 weeks of age), had significantly
increased the egg production. These results reveal that long-term feeding of BV or BCV diets can
increase the egg production performance of hens. The addition of BV and BCV as the feed supplement
for the long term could improve the hen's gut health and thus consequently, improved egg production. BV

contains many ingredients, including organic acids, phenols, aldehydes, ketones, furans, heterocyclic
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aromatic compounds, and alcohols (Rattanawut et al. 2018). The main components in BV are organic
acids, particularly acetic acid, which played a key role in modifying the pH and balanced the microflora
in the intestines. Samanta et al. (2010) found that the addition of BV could increase the gastric proteolysis
effect and protein digestibility in the hen guts. In another study, Jacela et al. (2009) observed that the use
of BV as a feed supplement had significantly reduced the pathogenic bacteria in the gut. Many studies
have proved that the BC has a higher absorption capacity than the general wood charcoal and BC could
effectively absorb and eliminate the noxious substances and helped improve the absorption of nutrients
from feed and its digestibility in the gastrointestinal tract of the hen (ChungPin et al. 2004; Watarai and

Tana, 2005).

In our study, feeding BC alone did not improve egg production when compared to the control
group. This might be related to an increase in gut pH after feeding BC, which could adversely affect the
nutrient digestion and equilibrium of bacterial flora in the gastrointestinal tract. On the other hand, the
overall damaged egg rate was considerably reduced in the hens when fed with BV and BCV diets, and
these positive effects were most pronounced in the case of BV. A lower level of damaged egg rate by BV
and BCV supplements was correlated with the increased eggshell quality, especially the shell thickness
and shell strength. An increase of eggshell thickness was noticed when the hens fed with the BCV diet at
week 43, and on the other hand, a significant improvement in the eggshell strength was a notice on week
51 when the hen fed with BV. Studies have reported that the minerals particularly Ca plays a significant
role in the improvement of eggshell quality and the addition of organic acids as the feed supplement in
the hen diet could adjust the intestinal pH and as well as the Ca solubility and absorbability (Abdel-Fattah
et al. 2008; Soltan 2008; Sengor et al. 2007; Park et al. 2002). Swiatkiewicz et al. (2010) also reported
that the pH reduction in the hen gastrointestinal tract could increase the activity of digestive enzymes and
increase the utilization of calcium and phosphorus in the intestine. Kutlu et al. (2001) found that the
feeding wood charcoal in hen diet improved mineral intake particularly calcium, potassium, and
magnesium and thus, reduced the incidence of cracked eggs and their study also found that feeding wood
charcoal could control fat deposition in the hen abdomen by promoting the fat excretion from the body.
This is in accordance with this present study. The population of ileal E. coli tended to decrease in all
supplemented groups, and the count of Salmonella spp. was significantly reduced in BV and BCV groups

while the population of Lactobacillus spp. increased in the BV fed group. This could be due to the effect
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of organic acids from BV, which promotes the growth of beneficial bacteria to dominate against the
pathogenic bacteria in the gastrointestinal tract. Generally, most of the pathogenic bacteria, particularly
neutrophils (E. coli, staphylococci, and Salmonella spp.) could not be able to live in the acidic pH
conditions of the gut, whereas the growth of beneficial bacterial flora such as Enterococcus faecium,
Bifidobacterium thermophilum, and Lactobacillus spp. is enhanced by acidic conditions (Vinus et al.
2017). BV added in the hen diets could maintain a lower level of pH in the gastric contents and
subsequently alter the intestinal microflora and improved the positive effect on the hen's health.
Improvement of the intestinal health in laying hens may optimize nutrient absorption and thus improve
production performance. In addition to the beneficial effects of organic acid on improving intestinal
health, the phenolic compounds in bamboo vinegar reportedly have antibacterial activity against Gram-

negative bacteria like E. coli and S. Typhimurium (Pacheco-Ordaz et al. 2017).

According to the results of the current study, feeding of BV and BCV could improve egg
production performance in the late feeding stage and decrease the rate of damaged eggs, while feeding of
BC could decrease abdominal fat of laying hens. These results suggest that the effect of BCV seems to be
induced by the synergistic effect of BC and BV, and that the BCV contributes to the effective use of

bamboo on the laying hen's production.
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Table 1 Feed formulation and chemical composition of the basal diet

11

Item Amount (%)

Ingredient
Corn 53.98
Soybean meal (44% CP) 25.33
Rice bran 4.00
Fish meal (55% CP) 2.00
Oyster shell 8.56
Dicalcium phosphate 1.94
Plant oil 3.49
DL-Methionine 0.10
Salt 0.30
Premix! 0.30

Calculated analysis
Crude protein 17.0
Metabolizable energy (kcal/kg) 2820
Crude fiber 3.54
Crude fat 6.45
Calcium 4.10
Available phosphorus 0.42
Lysine 0.91
Methionine 0.38

acid, 3 g folic acid, 0.24 g biotin, 23.25 g feed additives, 0.15 g preservatives, up to 1 kg carrier.

Premix: 20.0 MIU vitamin A, 4.0 MIU vitamin D3, 22,000 IU vitamin E, 4 g vitamin K3, 5 g vit B;, 10 g

vitamin By, 6 g vitamin Bs 0.06 g vitamin Biz, 15 g vitamin C, 20 g panthothenic acid, 50 g nicothenic
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Table 2 Composition of bamboo charcoal powder (as-fed basis)

12

Item Composition (%)
Moisture 7.50
Ash 4.92
Carbon 62.94
Nitrogen 0.41
Hydrogen 0.03
Gross energy (kcal/kg) 5,540

Table 3 Chemical constituents of the bamboo vinegar analyzed by GC-MS

Compound Relative concentration (%)
Organic acids 69.49
Phenol derivatives 7.08
Alcohols 6.80
Furans 3.84
Heterocyclic aromatic compounds 3.31
Aldehyde and ketones 3.12
Methoxy phenol derivatives 244
Other compounds 1.44
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Table 4 Effects of bamboo charcoal powder (BC), bamboo vinegar (BV) and their combination on

performance of laying hens during 36-51 weeks of age

Treatment!
Parameter contral 0.6% BC 0.4% BV 8322 B?/C + SEM P-value
Body weight change (g) 17423  182.12 160.83 178.28 13.32 0.952
Egg production (%)
36-39 weeks 90.40 91.37 93.04 91.34 0.53 0.380
40-43 weeks 90.54 91.47 90.94 89.73 0.78 0.891
44-47 weeks 90.32 91.54 92.41 90.07 0.46 0.297
48-51 weeks 87.35° 88.37% 89.832 89.922 0.39 0.046
36-51 weeks 89.65 90.69 91.55 90.26 0.38 0.375
Egg weight (9)
36-39 weeks 60.32 60.42 60.35 60.48 0.27 0.990
40-43 weeks 61.11 61.23 61.27 61.16 0.38 0.991
44-47 weeks 61.80 61.88 62.58 61.69 0.30 0.980
48-51 weeks 63.17 63.28 63.23 63.12 0.13 0.970
36-51 weeks 61.60 61.70 61.61 61.62 0.21 0.990
Egg mass (g/hen/day)
36-39 weeks 54.53 55.20 56.15 55.24 0.42 0.647
40-43 weeks 55.33 56.01 55.71 54.88 0.66 0.941
44-47 weeks 55.81 56.64 57.83 55.56 0.42 0.662
48-51 weeks 55.18 55.92 56.80 56.75 0.28 0.126
36-51 weeks 55.22 55.96 56.40 55.62 0.34 0.692
Damaged egg rate (%)
36-39 weeks 0.78 0.77 0.68 0.81 0.02 0.315
40-43 weeks 1.112 0.88° 0.72¢ 0.93P 0.03 0.005
44-47 weeks 1.602 1.692 1.45° 1.44° 0.02 0.002
48-51 weeks 1.702 1.752 1.58° 1.66% 0.02 0.009
36-51 weeks 1.302 1.27%® 1.11¢ 1.21° 0.01 0.005

Feed intake (g/d)
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36-39 weeks
40-43 weeks
44-47 weeks
48-51 weeks
36-51 weeks

Feed efficiency (g of egg
mass/g of feed consumed)

36-39 weeks
40-43 weeks
44-47 weeks
48-51 weeks

36-51 weeks

107.93
109.40
112.09
113.66

110.77

0.505
0.506
0.498
0.485

0.498

105.28
108.61
110.83
113.14

109.46

0.524
0.516
0.511
0.494

0.511

107.16
105.13
111.36
112.27
108.98

0.523
0.530
0.519
0.506

0.517

106.78
108.54
111.22
113.32

109.96

0.517
0.505
0.500
0.501

0.506

1.05
1.44
0.40
0.45
0.56

0.006
0.008
0.004
0.003

0.003

14

0.851
0.745
0.751
0.749

0.726

0.663
0.870
0.657
0.200

0.321

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

1The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo

vinegar (BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 10 replicates.
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Table 5 Effects of bamboo charcoal powder (BC), bamboo vinegar (BV) and their combination on egg

quality traits of laying hens at 39, 43, 47 and 51 weeks of age

Treatment!
Parameter contral 0.6% BC 0.4% BV 8322 B?/C + SEM P-value
Egg weight (g)
39 weeks 60.35 60.30 60.44 60.49 0.13 0.965
43 weeks 61.21 61.15 61.25 61.28 0.18 0.990
47 weeks 61.53 61.68 61.75 61.63 0.13 0.956
51 weeks 63.41 63.61 63.46 63.42 0.10 0.896
Eggshell weight (g)
39 weeks 6.67 6.65 6.80 6.75 0.04 0.570
43 weeks 6.77 6.73 6.75 6.86 0.04 0.737
47 weeks 6.89 6.93 6.95 7.01 0.06 0.930
51 weeks 6.72 6.94 6.76 6.80 0.05 0.550
Eggshell thickness (mm)
39 weeks 0.374 0.381 0.375 0.373 0.002 0.665
43 weeks 0.366" 0.379%® 0.373% 0.3882 0.002 0.029
47 weeks 0.371 0.383 0.385 0.386 0.002 0.082
51 weeks 0.370 0.377 0.383 0.376 0.002 0.095
Eggshell strength (kg/cm?)
39 weeks 4.01 4.22 4.34 4.06 0.07 0.400
43 weeks 411 4.39 4.45 4.39 0.05 0.085
47 weeks 4.13 4.38 4.44 4.52 0.05 0.073
51 weeks 3.85° 4.10% 4.292 4.12% 0.05 0.045
Albumen weight ()
39 weeks 39.01 39.01 38.80 38.99 0.18 0.976
43 weeks 38.53 38.55 38.44 38.56 0.17 0.995
47 weeks 38.99 38.97 38.93 39.00 0.19 0.990
51 weeks 40.29 40.39 40.31 40.35 0.17 0.997

Yolk weight (g)
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39 weeks
43 weeks
47 weeks
51 weeks
Yolk color score
39 weeks
43 weeks
47 weeks
51 weeks
Haugh unit
39 weeks
43 weeks
47 weeks

51 weeks

14.67
15.91
15.65

16.40

8.66
8.65
8.57

8.23

88.22
87.50
89.24

88.27

14.64
15.87
15.78

16.28

8.61
8.67
8.46

8.18

87.95
88.57
88.67

88.13

14.84
16.06
15.87

16.39

8.80
8.57
8.23

8.34

88.06
87.79
88.91

88.74

14.75
15.86
15.62

16.27

8.68
8.60
8.62

8.29

88.15
88.70
89.47

89.69

0.09
0.09
0.10

0.10

0.09
0.08
0.09
0.06

0.62
0.56
0.51

0.54

16

0.885
0.880
0.851

0.952

0.920
0.971
0.441

0.828

0.990
0.857
0.950

0.776

abvalues with different superscripts in the same row are significantly different (P<0.05).
1The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo

vinegar (BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 10 replicates.
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Table 6 Effects of dietary bamboo charcoal powder (BC), bamboo vinegar (BV) and their combination

on relative organ weights of laying hens (g/100 g BW)

Treatment!
Parameter contral 0.6% BC 04% BY 0082/((% BBCV+ SEM P-value
Live weight (g) 1,750.10 1,736.50 1719.20 1,743.00 9.08 0.690
Proventriculus (%) 0.42 0.46 0.49 0.45 0.02 0.524
Gizzard (%) 1.50 1.38 1.63 1.52 0.05 0421
Liver (%) 2.73 2.75 2.73 271 0.05 0.990
Heart (%) 0.498 0.480 0.504 0.534 0.02 0.884
Abdominal fat (%) 2.98? 2.36° 2.73%® 2.48P 0.08 0.045
Total intestinal weight (%) 2.72 245 2.78 2.57 0.08 0.574
Total intestinal length (cm) 141.80 146.30 141.90 152.50 2.82 0.530

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

1The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo

vinegar (BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 5 replicates.
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Table 7 lleal microflora counts of hens fed dietary bamboo charcoal powder (BC), bamboo vinegar (BV)

and their combination (log10 cfu/g of wet digesta)

Treatment?
Parameter SEM P-value
0.8% BC +
0, 0,
Control 0.8% BC 0.4% BV 0.4% BV
Escherichia coli 4.26 4.24 4,22 4.24 0.004 0.066
Salmonella spp. 3.89¢ 3.86% 3.840 3.850 0.006 0.042
Lactobacillus spp. 4.16° 4.17° 4,192 4.17° 0.003 0.041

aby/alues with different superscripts in the same row are significantly different (P<0.05).
1The basal diet (control) was supplemented with 0.8% bamboo charcoal powder (BC), 0.4% bamboo
vinegar (BV) or 0.8% bamboo charcoal powder + 0.4% bamboo vinegar (BCV).

Values are means of 5 replicates.
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