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Project Code: MRG6080083
Project Title: Effects of dietary bamboo vinegar supplementation on performance,
eggshell quality, alterations of intestinal villi and intestinal microflora

populations of laying hens in the late phase of production

Investigator: Jessada Rattanawut, Prince of Songkla University
E-mail Address: jassada.r@psu.ac.th
Project Period: April 2017 — April 2018

ABSTRACT

The present study was carried out to investigate the effect of dietary supplementation
of different levels of bamboo vinegar (BV) on performance, eggshell quality, ileal microflora
and intestinal villus morphology in laying hens. A total of 320 Hisex Brown laying hens (70
weeks old) were randomly divided into four dietary treatments with ten replicates of eight hens
each. The birds were fed ad libitum a basal diet supplemented with BV at 0, 0.2, 0.4 or 0.8%
level until 86 weeks of age. The level of BV in the diet had no effect on egg production, egg
weight, egg mass, feed intake and feed efficiency (P>0.10). Damaged egg rate decreased
significantly in the hens fed the 0.4 and 0.8% BV diets during the late laying period (79 to 86
weeks of age) (P<0.05). Eggshell thickness and eggshell strength were higher in the hens fed
the 0.4 and 0.8% BV diets at week 82 and 86 compared with controls. In the ileal content,
population of Escherichia coli and Salmonella spp. decreased significantly with 0.4 and 0.8%
BV in the diet. (P<0.05). Tissue observations by light microscopy revealed that villus height
and villus areas of duodenum were also higher in the hens fed the 0.4 and 0.8% BV diets
(P<0.05). The results of this study demonstrate that a level of 0.4% BV in a layer's diet is
sufficient for reducing pathogenic bacteria, stimulating intestinal functions and improving

eggshell quality of laying hens in the late phase of production.

Keywords: aged hen, bamboo vinegar, intestine, villus
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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 D5, 2,000 mg vitamin E, 330 mg vitamin K3, 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 g manganese, 8.8 g zinc, 25 g preservative, up to 1 kg filter.
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Compound

Relative concentration (%)

Organic acid

Acetic acid

Propanoic acid

2-Propenoic acid

Butanoic acid
2-Thiophenecarboxylic acid
Guanidine
2-Hydroxy-4-oxohexanoic acid
Total organic acid

Alcohols

Benzene methanol

Ethanol 1-(3,4-Dimethoxyphenyl)
1,2-Diphenylethan-1-ol
Benzaldehyde

Benzene 1-Acetyl-2-(tert-butoxycarboyloxy)
1,4-Ehtanonaphthalene
Methanol

Benzene amine

Benzene ethanol

Total alcohols

Phenol derivatives

Phenol

Phenol, 2,6-dimethoxy
Phenol, 2-methoxy

Total phenol derivatives

60.29
6.75
0.08
0.07
0.07
0.07
0.04

67.37

1.07
0.30
0.23
0.18
0.10
0.09
0.08
0.07
0.04

2.16

4.18
3.53
1.76

9.47

12
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Methoxy phenol derivatives
P-ethyl-phenol

4 - methyl-syringol
2-methoxy-4-methyl-phenol

M-Cresol

N1-Methyluracil

2-Methylaminophenol

Total methoxy phenol derivatives
Aldehyde and ketone

2-Pentanone, 4-hydroxy-4-methyl
2-Cyclopenten-1-one, 2-hydroxy-3-methyl
2-Propanone, 1-hydroxy

Acetoin

2-Cyclopenten-1-one, 3-methyl
1-Hydroxybutan-2-one
2-Hydroxy-3,5-Dimethyl-2-Cyclopenten1-one
1,3-Dimethyl-tetraadeuteriobenzene
Total aldehyde and ketone
Heterocyclic aromatic compound
Pyridine

3-methoxy-pyridine

2-methyl-pyridine

4-Pyridinol

Total heterocyclic aromatic compound
Furans

Furan,3-methyl

2-(2,3-epoxypropyl)-tetrahydrofurane

1.36
0.71
0.49
0.33
0.22
0.07

3.18

1.65

0.62
0.35
0.26
0.25
0.21
0.03

4.54

1.30
0.92
0.22
0.15

2.59

0.19

0.10

13
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5-Methyldihydro-2(3H)-Furanone
2(3H)-Furanone, dihydro
2-methyl-2,3-dihydro-furan-3-one
3-Furancarboxaldehyde,4,5-dihydro
1-(Furan-2-yl)propan-1-ol

2(3H)-Furanone, dihydro-4-methyl
4-Propyl-2,3-dihydrofuran
2(5H)-Furanone,3,4-diethyl
1,4:3,6-Dianhydro-.alpha.-d-glucopyranose
2,4-dihydro-pyran-3-one
2-Acetyl-2-methyltetrahydrofuran

Total furan

Other compound

Guaiacol, 4-ethyl

Anhydro-sugar

diethyl [3-(5,5,9,9-tetramethyl-1-0x0-3-thioxo2-
azaspiro[3,5]nonan-2-yl)propyl]phosphonate

Methane

0.10
214
0.05
0.10
0.09
0.10
0.03
0.08
0.26
0.11
0.07

3.42

0.35

0.49

0.12

0.14
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pavasialaludrldansdudans (ileum) wudrldfanuuandrsiuznitenguaiuguuas

naunasad (P>0.10)
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Dietary BV (%) P-value
Parameters SEM  ANOVA
0 0.2 0.4 0.8 Linear  Quadratic
Initial body weight (g) 1694.80 1699.25 1676.50  1698.60 22.72 0.980 0.996 0.803
Final body weight (g) 1908.50 1902.75 191450  1932.00 25.90 0.983 0.715 0.891
Body weight change (g) 213.70  203.50 238.00 233.40 27.27 0.969 0.731 0.938
Egg production (%)
71-74 week 81.78 80.24 81.78 81.60 1.37 0.976 0.929 0.882
75-78 week 78.22 78.12 78.62 80.54 0.96 0.804 0.362 0.719
79-82 week 80.00 79.35 81.78 78.75 1.80 0.946 0.866 0.702
83-86 week 77.85 75.77 79.10 77.85 2.14 0.962 0.880 0.976
71-86 week 79.46 78.37 80.32 79.68 1.28 0.965 0.867 0.957
Egg weight (g)
71-74 week 62.85 62.20 62.80 62.04 0.37 0.841 0.561 0.911
75-78 week 62.38 62.24 62.56 62.48 0.28 0.981 0.826 0.957
79-82 week 63.88 62.86 63.51 63.25 0.39 0.898 0.860 0.803
83-86 week 63.21 62.52 63.07 63.03 0.35 0.913 0.972 0.743
71-86 week 63.08 62.45 62.98 62.70 0.30 0.901 0.856 0.895
Egg mass (g/hen/day)
71-74 week 51.39 49.91 51.36 50.62 0.84 0.931 0.963 0.970
75-78 week 48.79 48.62 49.18 50.32 0.67 0.815 0.367 0.785
79-82 week 51.10 49.88 51.94 49.81 1.18 0.873 0.813 0.622
83-86 week 49.21 47.37 49.88 49.07 1.36 0.923 0.909 0.933
71-86 week 50.12 48.94 50.59 49.95 0.77 0.904 0.868 0.946
Damaged egg rate (%)
71-74 week 1.68 1.36 1.15 1.13 0.31 0.927 0.564 0.733
75-78 week 2.85 1.91 2.01 1.82 0.39 0.784 0.445 0.590
79-82 week 3.02° 2.79° 1.79b 1.41b 0.23 0.032 0.005 0.614
83-86 week 3150 310" 143 147" 029 0034 0013 0412
71-86 week 2.67 2.29 1.60 1.46 0.23 0.276 0.072 0.523
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Feed intake (g/d)
71-74 week
75-78 week
79-82 week
83-86 week
71-86 week

Feed efficiency (g of egg

mass/g of feed

consumed)
71-74 week
75-78 week
79-82 week
83-86 week

71-86 week

103.85
103.20
106.36
107.08

105.12

0.495
0.472
0.480
0.460

0.476

104.58
103.41
105.65
105.64

104.82

0.477
0.470
0.472
0.448

0.467

105.70
103.84
105.56
106.58

105.42

0.486
0.474
0.492
0.468

0.480

103.64
104.08
105.91
106.77

105.10

0.488
0.483
0.470
0.459

0.475

0.41
0.20
0.37
0.36

0.25

0.007
0.006
0.011
0.012

0.007

0.300
0.418
0.890
0.565

0.884

0.924
0.909
0.831
0.949

0.918

0.818
0.107
0.771
0.906

0.870

0.912
0.513
0.847
0.562

0.879

0.275
0.761
0.479
0.381

0.845

0.688
0.768
0.527
0.569

0.932

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

Values are means of 10 replicates.
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Dietary BV (%) P-value
Parameters SEM  ANOVA
0 0.2 0.4 0.8 Linear  Quadratic

Egg weight (g)

74 week 62.26 62.17 62.36 62.24 0.31 0.990 0.980 0.947

78 week 62.67 62.74 62.84 62.47 0.40 0.991 0.855 0.802

82 week 63.52 63.07 63.05 63.40 0.48 0.983 0.987 0.697

86 week 62.52 62.64 62.35 62.86 0.37 0.973 0.786 0.792
Eggshell weight (g)

74 week 6.73 6.84 6.83 6.79 0.05 0.854 0.791 0.440

78 week 7.01 7.00 6.97 7.04 0.08 0.993 0.898 0.810

82 week 7.13 7.05 7.30 7.32 0.07 0.545 0.254 0.963

86 week 6.92 6.91 717 7.20 0.06 0.215 0.066 0.720
Eggshell percent (%)

74 week 10.80 11.01 10.96 10.91 0.06 0.692 0.713 0.325

78 week 11.16 11.15 11.10 11.27 0.11 0.952 0.712 0.683

82 week 11.21 11.17 11.59 11.56 0.10 0.337 0.148 0.652

86 week 11.08 11.02 11.49 11.45 0.09 0.152 0.071 0.587
Eggshell thickness (mm)

74 week 0.387 0.386 0.392 0.388 0.003 0.873 0.726 0.647

78 week 0.372 0.386 0.376 0.388 0.004 0.482 0.301 0.985

82 week 0365  0.370" 038"  0.390° 0003 0040 0008 0473

86 week 0.366 0.375 0.377 0.386 0.003 0.199 0.037 0.815
Eggshell strength
(kg/cm’)

74 week 4.43 4.30 4.63 4.47 0.08 0.613 0.660 0.691

78 week 4.37 4.22 4.31 4.45 0.14 0.950 0.750 0.680

82 week 3.83 3.88 4.23 4.54 0.15 0.323 0.072 0.968

86 week 3.81 3.91 4.01 4.29 0.07 0.100 0.014 0.845



19

@13197 4. wavasmussuihduaiuldliluemnsdaqmunwlineny 74, 78, 82 uaz 86 daw (da)

Albumen weight (g)

74 week 39.75 39.83 39.59 39.74 0.27 0.991 0.940 0.901
78 week 39.35 39.24 39.58 39.19 0.36 0.984 0.923 0.810
82 week 40.53 40.55 39.43 39.98 0.39 0.717 0.525 0.553
86 week 39.38 39.55 38.94 39.43 0.31 0.912 0.947 0.698

Yolk weight (g)

74 week 15.78 15.50 15.94 15.71 0.12 0.661 0.901 0.870
78 week 16.31 16.50 16.29 16.24 0.21 0.978 0.818 0.864
82 week 15.86 15.47 16.32 16.10 0.18 0.437 0.402 0.846
86 week 16.22 16.18 16.24 16.23 0.14 0.990 0.948 0.989

Yolk color score

74 week 8.18 8.03 8.06 8.13 0.08 0.927 0.954 0.547
78 week 8.45 8.53 8.63 8.42 0.18 0.722 0.844 0.282
82 week 8.20 8.27 8.26 8.14 0.07 0.917 0.693 0.564
86 week 8.06 8.16 8.06 8.18 0.06 0.868 0.617 0.903
Haugh unit
74 week 87.29 87.02 87.49 86.65 0.50 0.946 0.701 0.775
78 week 85.63 84.16 84.61 85.77 0.52 0.663 0.717 0.276
82 week 86.60 85.75 85.86 86.87 0.51 0.850 0.739 0.426
86 week 84.69 84.56 84.63 84.88 0.56 0.998 0.883 0.893

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

Values are means of 10 replicates.
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A19197 5. NaaINIILRSNIFuAIwla H ke vsdadSunmTavuenisalud lfiana1ulany

2247 1 (log10 cfulg of wet digesta)

Dietary BV (%) P-value
Parameters SEM ANOVA
0 0.2 04 0.8 Linear Quadratic
Escherichia coli 423" 422" 421" 420 0004 0039  0.011 0.200
Salmonella spp. 386° 384" 381" 380 0006  0.001 0.001 0.060
Lactobacillus spp. 414 415 416 416 0.003 0.239 0.065 0.391

a'bVaIues. with different superscripts in the same row are significantly different (P<0.05).

Values are means of 10 replicates.

A19197 6. NaUaINILRININFNAW bl Leluanisdamsiaunidasuasialaluan l&Lan

Dietary BV (%) P-value
Parameters SEM ANOVA
0 0.2 0.4 0.8 Linear Quadratic
Villus height (mm)
Duodenum 1 .38b 1 .37b 1 .44a 1 .42a 0.007 0.001 0.008 0.123
Jejunum 0.86 0.87 0.90 0.89 0.005 0.189 0.160 0.208
lleum 0.46 0.45 0.47 0.46 0.004 0.466 0.649 0.709
. 2
Villus area (mm )
Duodenum 0117° 0120 0.125° 0.123" 0001 0043 0024 0.116
Jejunum 0.074 0.074 0.078 0.077 0.001 0.052 0.054 0.290
lleum 0.032 0.031 0.034 0.033 0.001 0.563 0.559 0.656

a'IDVaIues with different superscripts in the same row are significantly different (P<0.05). Values are means of

10 replicates.
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ABSTRACT

This study investigated the effects of bamboo vinegar (BV) supplementation on
performance, eggshell quality, ileal microflora and villus morphology in aged laying
hens. A total of 320 hens (70 weeks old) were divided into four dietary treatments with
ten replicates of eight hens each. They were fed a basal diet supplemented with BV at 0,
0.2, 0.4 or 0.8% level until 86 weeks of age. The level of BV in the diet had no effect on
egg performance, feed intake or feed efficiency (p > 0.10). Damaged egg rate decreased
in the hens fed the 0.4 and 0.8% BV diets during 79-86 weeks of age (p < 0.05).
Eggshell thickness and eggshell strength were higher in the hens fed the 0.4 and 0.8%
BV diets at weeks 82 and 86 compared to the controls. In the ileal content, population
of Escherichia coli and Salmonella spp. decreased with 0.4 and 0.8% BV (p < 0.05).
Villus height and areas of duodenum were higher in the hens fed the 0.4 and 0.8% BV
diets (p < 0.05). The results indicate that a level of 0.4% BV in a layer’s diet is
sufficient for reducing pathogenic bacteria, stimulating intestinal functions and

improving eggshell quality of laying hens in the late phase of production.

Key words: aged hen, bamboo vinegar, intestine, villus
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INTRODUCTION

In commercial egg-laying hen production, the hens have usually been removed from the
production system at approximately 72 weeks of age. However, currently there is a
trend to keep the hens even longer until 90 weeks of age. As the hen ages, the thickness
of the shell usually declines, due to an increase in egg size without matching increase in
the amount of calcium carbonate deposited in the shells. Also, the ability to absorb
calcium (Ca) from the intestine diminishes in aged hens. For these reasons, the
incidence of cracked eggs could increase in late laying period. 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. Supplying the hen with
an optimal Ca intake is most crucial to ensure the proper calcification of eggshells, but
increasing the Ca level in the diet beyond 3.6-3.9% usually has no beneficial effects on
eggshell quality (Swiatkiewicz et al. 2015). In addition, an excess of dietary Ca exerts a
negative effect on feed consumption, leading to deficiencies of other nutrients (Sengor
et al. 2007). Recently, Jiang et al. (2013) reported that laying hens fed diets with high
Ca concentrations (4.4%) had decreased shell thickness in comparison to the 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
would be a practical alternative. The results of some studies have indicated that
acidifiers may improve the utilization of minerals in the gut of monogastric animals
(Lutz & Scharrer 1991; Boling et al. 2000; Mroz et al. 2000; Liem et al. 2008). One
factor connected with the mechanisms of this is the reduction of intestinal pH, which
increases the activity of digestive enzymes and the solubility of minerals (Swiatkiewicz

et al. 2015). Some experiments with laying hens have demonstrated that acidifiers can
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have a positive effect on laying performance and eggshell quality (Park et al. 2002;
Yesilbag & Colpan 2006; Soltan 2008). Bamboo vinegar (BV) is a brown-red
transparent liquid produced during the pyrolysis of bamboo charcoal, and it contains
more than 200 chemical components, such as acetic acid, phenolic compounds, alkane
compounds, alcohol compounds and aldehyde compounds, among which acetic acid as
the main component (Wang et al. 2018). The acid in wood vinegar enhances the growth
of Bifidobacterium and Enterococcus but inhibits the growth of Salmonella species
(Watarai & Tana 2005). In addition, dietary vinegar enhances intestinal Ca absorption in
rats by improving Ca solubility and by the trophic effect of acetic acid in the vinegar
(Kishi et al. 1999). We hypothesized that dietary supplementation of BV would be
effective in increasing the availability of Ca and other minerals, and may improve
eggshell quality of aged laying hen. In this study, the effects of BV treatment on
production performance, eggshell quality, ileal microflora composition, and intestinal

villus morphology were examined in late-phase laying hens.

MATERIALS AND METHODS
Birds and management

The current experiment was approved by the Animal Ethics Committee of Prince of
Songkla University, based on the Ethics of Animal Experimentation of the National
Research Council of Thailand. A total of 320 Hisex Brown hens, 65-week-old, obtained
from a local commercial flock, were placed in layered wire-floored cages at a density of
900 cm? per bird in an environmentally controlled room under a photoperiod of 16 h of

light. During the pre-experimental period (65 to 70 weeks of age), the hens were fed ad
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libitum with a conventional layer mash diet, and the daily egg production and the egg
weights were recorded. At 70-week-old, the hens were randomly divided into four
dietary treatments with 10 replicates and 8 birds in each replicate. The replicates had
initially similar mean body weights and egg production levels. The basal diet (Table 1)
was in mash form and was formulated to meet or exceed the NRC (1994) requirements
for laying hens. The control group was fed a basal diet, and the other groups were fed
the basal diet supplemented with BV at 0.2, 0.4 or 0.8%. Commercial BV (pH = 2.7)
was purchased from a company located in Prachinburi province, Thailand. Select
physicochemical characteristics of bamboo vinegar are shown in Table 2. Each cage was
equipped with an individual nipple drinker. A continuous feed trough was divided by
replicate to ensure that the hens were not able to consume feed assigned to the adjoining

replicate. The hens were fed an experimental diet until 86 weeks of age.

Performance and egg quality

Body weight was measured at the beginning (70 weeks of age) and at the end of the
experiment (86 weeks of age) to assess body weight changes. 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 broken eggs, cracked
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
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dividing egg mass by the feed intake. At weeks 74, 78, 82 and 86, one egg from each
replicate (10 eggs from each treatment) was collected to determine egg quality indices,
i.e. egg weight, eggshell weight, eggshell percent, eggshell thickness, eggshell strength,
yolk weight, albumen weight, yolk color, and Haugh unit score. 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 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 an electronic micrometer (Mitutoyo Corporation, Kanagawa, Japan). Yolk color
score (color intensity from 1 to 15) and Haugh units were automatically measured using

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

Tissue sampling and measurement

At the end of feeding period (86 weeks of age), 10 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
alcohol, each intestinal segment was embedded in Paraplast. Transverse 4 um sections

were cut, and stained with haematoxylin and eosin. Villus height and villus area were
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determined using an automatic image analyzer (Olympus DP73 camera, Olympus
Corporation, Tokyo, Japan) connected to a light microscope. Villus height was
measured from the villus tip to the bottom. The mean villus height from 10 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 10

birds was calculated and considered the mean villus area for one group.

Ileal microflora composition

Samples of lleal digesta (10 samples/diet) were immediately collected after intestinal
tissue sampling 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 30 sec. Homogenates of digesta
samples were then serially diluted with phosphate-buffered saline from 102 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 using the appropriate dilution and plate culture techniques under
aerobic or anaerobic conditions. Lactobacillus spp. was anaerobically assayed using
lactobacillus MRS agar (HiMedia LAB, Mumbai, India) and incubated at 37 °C for 48
h. Escherichia coli and Salmonella spp. were aerobically assayed using Eosin
Methylene Blue agar (BBL, Sparks, MD, USA) and Salmonella-Shigella agar (Difco,

Franklin Lakes, NJ, USA), respectively, and incubated at 37 °C for 24 h. Numbers of
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bacterial colonies were calculated, and results are expressed as log 10 CFU per gram of

fresh sample.

Statistical analysis

All analyses were performed using SPSS version 16.0 for Windows (SPSS, Chicago,
IL). Data were analyzed using one-way analysis of variance, and significant differences

between treatments were determined with Duncan’s multiple range test The dose-

related effects of supplemental BV were determined using orthogonal polynomial
contrast for linear and quadratic effects. P < 0.05 was considered significant, p < 0.1
was considered a trend, and p > 0.1 was considered not significant. The results are

expressed as the mean and the pooled standard error of the mean (SEM).

RESULTS

Laying performance

Laying performance is summarized in Table 3. There were no significant linear or
quadratic trends of dietary BV levels affecting body weight change, egg production, egg
weight, egg mass, feed intake or feed efficiency (p > 0.10). Compared to the control
group, damaged egg rate decreased significantly in the hens fed the 0.4 and 0.8% BV
diets during 79-82 and 83-86 weeks of age (p < 0.05). The damaged egg rate tended to

be lower in the BV-fed groups for the whole experiment (linear; p < 0.10).
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Egg quality traits

The effects of dietary BV supplementation on egg quality are presented in Table 4. The
levels of dietary BV had no significant effect on whole egg weight, albumen weight,
yolk weight, yolk color, or Haugh unit. Compared to the control group, at week 86,
eggshell weight and eggshell percent tended to increase linearly in hens fed the 0.4 and
0.8% BV diets (p < 0.10). Eggshell thickness increased significantly in hens fed 0.4 and
0.8% BV diets at week 82 (p < 0.05) and increased linearly (p = 0.037) with the level of
dietary BV on week 86. Eggshell strength tended to be higher (linear; p < 0.10) in BV-

fed hens at week 82 and increased linearly (p = 0.014) in BV-fed groups at week 86.

Ileal microflora composition

As presented in Table 5, dietary inclusion of BV at 0.4 and 0.8% levels significantly
reduced the populations of E. coli (p < 0.05) and Samonella spp. (p < 0.01) in ileal
contents compared to the controls. The ileal Lactobacillus colony counts did not differ
significantly between the treatments. However, the populations of Lactobacillus spp.
tended to increase linearly (p = 0.065) in the BV-supplemented groups compared to the

control group.

Intestinal villus morphology

Villus height and villus area of the control and actual treatment groups are shown in
Table 6. Villus height and villus area of duodenum increased significantly in hens fed
the 0.4 and 0.8% BV diets (p < 0.01 and p < 0.05, respectively). Villus area of jejunum

also tended to increase in hens fed the 0.4 and 0.8% BV diets (p < 0.10). There were no
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significant differences in ileal villus height and area between hens fed BV-

supplemented diets and hens fed the control diet (p > 0.10).

DISCUSSION

In the recent study with laying hens (from 25 to 41 weeks of age), we demonstrated that
feeding the acidifier (silicic acid powder containing bamboo vinegar) at 0.2% of the diet
beneficially effected laying rate and egg mass (Rattanawut et al. 2018). Such effects
were attributed to the beneficial effects of silicic acid and bamboo vinegar in improving
gut health and stimulating intestinal functions. In the present study, egg production did
not improve after feeding BV, but the rate of damaged eggs was significantly reduced in
the hens fed 0.4 and 0.8% BV diets during the late laying period (79 to 86 weeks of
age), and tended (p = 0.072) to decrease linearly in BV-fed groups for the whole
experiment. The decrease in the damaged egg rate with BV supplementation observed
in the present study correlated with the improved eggshell quality, including eggshell
thickness and eggshell strength. Eggshell thickness increased linearly in the hens fed the
0.4 and 0.8% BV diets, and eggshell strength also tended to increase linearly in the both
groups at week 82 and 86. The results of the present study are similar to those reported
by Sengor et al. (2007), who in an experiment with old breeder White Bovans hens
found that eggshell breaking strength was increased and cracked eggs decreased after
the inclusion of short-chain fatty acids (mainly butyrate) in the diet. Soltan (2008) also
stated that organic acids (a mixture of formic acid and salts of butyric, propionic and
lactic acids) added to the diet in the amount of 780 ppm improved eggshell thickness at

70 weeks of age and reduced the number of broken eggs. The authors indicated that the
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observed improvement in eggshell quality was connected with an increase in Ca
concentration in serum, which can be attributed to the beneficial effect of organic acids
on Ca absorption. Abdel-Fattah et al. (2008) reported that chickens fed a diet
supplemented with organic acids had significantly higher Ca and P blood
concentrations, which the authors attributed to the lowering of intestinal pH and the
increase in the absorption of these macro elements by the utilization of these acids. It
has also been proposed that organic acids (citric acid) improve Ca availability by
chelating Ca and reducing the formation of insoluble Ca-phytate-complexes (Boling et
al. 2000). In addition, adding acidifiers to feed can lower the gastric pH, accelerates the
conversion of pepsinogen to pepsin, which improves the absorption rates of protein and
minerals (Omogbenigun et al. 2003; Swiatkiewicz et al. 2010). Therefore, the positive
effects of BV supplementation on eggshell quality observed in this study are probably
connected with enhanced mineral absorption and availability. A properly functioning
intestine contains beneficial bacteria that help maintain a healthy gut environment. This
microbial microflora not only protects against invading pathogenic organisms but also
leads to greater nutrient absorption and improved overall animal health. As a hen gets
older, its gut microflora changes and the gut mucosal system becomes more susceptible
to lose its integrity (Burel & Valat 2009). Damaging the intestinal integrity encourages
pathogenic gut bacteria at the expense of beneficial bacteria. Supplementing BV to the
diet at 0.4 and 0.8% levels may help recover the intestinal integrity and thus increases
nutrient bioavailability and absorption. Acetic acid is the main organic acid component
in bamboo vinegar (Table 2). It can control the balance of intestinal microflora and
pathogens (Sorrells & Speck 1970) and affects intestinal functions and metabolism

(Lutz & Scharrer 1991). Watarai and Tana (2005) reported that wood vinegar could
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inhibit Salmonella enteritidis growth, whereas growth of normal bacterial flora such as
Enterococcus faecium and Bifidobacterium thermophilum was enhanced by it. As a hen
ages, mucosal cells in the intestinal wall weaken, and villi on the inner wall surface of
the small intestine shorten: absorption of the nutrients required for eggshell formation
becomes impaired, leading to weak eggshells. In this study, intestinal villus height and
area in the duodenum of aged laying hens increased after feeding BV at 0.4 and 0.8%
levels. The increased villus absorptive area could increase nutrient digestibility and
might stimulate the absorption of minerals and other nutrients. Garcia et al. (2007) also
reported that short chain fatty acids stimulated intestinal epithelial cell proliferation and
villus height, which increased absorption efficiency. 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. In the
present study, dietary supplementation of BV at 0.4 and 0.8% levels markedly
decreased the ileal E. coli and Salmonella spp. populations, while the growth of
Lactobacillus spp. tended to increase after feeding BV. This may be due to the organic
acids in bamboo vinegar reducing the growth of pathogenic bacteria while enhancing
the growth of beneficial bacteria in the low-pH environment. Consistent with our
findings, Brzoska et al. (2007) observed that dietary acidifier (fumaric acid)
supplementation increased Streptococcus and Lactobacillus counts in the ileal digesta,
while Entani et al. (1998) reported that acetic acid contained in vinegar at 0.1%
inhibited the activity of E. coli in 17 different species. Therefore, while BV could
diminish intestinal pathogenic bacteria, it does not strongly inhibit useful bacteria,

including Lactobacillus spp. This helps maintain a healthy gut environment and
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intestinal integrity, which allow assimilating more nutrients. In this study, therefore, BV
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. The present results
showed that 0.4 and 0.8% BV could effectively stimulate intestinal function in the
duodenum, indicating that mainly the nutrients are absorbed in the upper segment of the

intestine.

Conclusions

In conclusion, 0.4 and 0.8% levels of dietary BV increased the size of intestinal
villi in the duodenum, decreased ileal pathogenic bacteria counts, and improved
eggshell quality. The results of this study demonstrate that a level of 0.4% BV in a
layer’s diet is sufficient for reducing the rate of damaged eggs during the late laying

period.
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Table 1 Feed formulation and chemical composition of the basal diet

Item Amount (%)

Ingredient (as-fed basis)

Corn 53.63
Soybean meal 24.35
Rice bran 535
Fish meal 30
Oyster shell 8.44
Dicalcium phosphate 157
Plant oil 2.86
DL-Methionine 0.2
Salt 0.3
Premix’ 0.3

Calculated analysis

Crude protein 175
Metabolizable energy (kcal/kg) 2800
Crude fiber 361
Crude fat 59
Calcium 40
Available phosphorus 04
Lysine 0.93
Methionine 05

"Premix: 2.0 MIU vitamin A, 0.32 MIU vitamin D3, 2,000 mg vitamin E, 330 mg vitamin K,
220 mg vit By, 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 g manganese, 8.8 g zinc, 25 g preservative, up to 1 kg
filter.
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Table 2 Chemical properties of bamboo vinegar compound liquid

Compound Relative concentration (%)
Organic acid

Acetic acid 60.29
Propanoic acid 6.75
2-Propenoic acid 0.08
Butanoic acid 0.07
2-Thiophenecarboxylic acid 0.07
Guanidine 0.07
2-Hydroxy-4-oxohexanoic acid 0.04
Total organic acid 67.37
Alcohols

Benzene methanol 1.07
Ethanol 1-(3,4-Dimethoxyphenyl) 0.30
1,2-Diphenylethan-1-ol 0.23
Benzaldehyde 0.18
Benzene 1-Acetyl-2-(tert-butoxycarboyloxy) 0.10
1,4-Ehtanonaphthalene 0.09
Methanol 0.08
Benzene amine 0.07
Benzene ethanol 0.04
Total alcohols 2.16
Phenol derivatives

Phenol 4.18
Phenol, 2,6-dimethoxy 3.53
Phenol, 2-methoxy 1.76
Total phenol derivatives 9.47
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Methoxy phenol derivatives
P-ethyl-phenol

4 - methyl-syringol
2-methoxy-4-methyl-phenol
M-Cresol

N1-Methyluracil
2-Methylaminophenol

Total methoxy phenol derivatives
Aldehyde and ketone
2-Pentanone, 4-hydroxy-4-methyl

2-Cyclopenten-1-one, 2-hydroxy-3-methyl

2-Propanone, 1-hydroxy
Acetoin

2-Cyclopenten-1-one, 3-methyl
1-Hydroxybutan-2-one

2-Hydroxy-3,5-Dimethyl-2-Cyclopentenl-one

1,3-Dimethyl-tetraadeuteriobenzene
Total aldehyde and ketone
Heterocyclic aromatic compound
Pyridine

3-methoxy-pyridine
2-methyl-pyridine

4-Pyridinol

Total heterocyclic aromatic compound
Furans

Furan,3-methyl

2-(2,3-epoxypropyl)-tetrahydrofurane

1.36
0.71
0.49
0.33
0.22
0.07
3.18

1.65
1.17
0.62
0.35
0.26
0.25
0.21
0.03
4.54

1.30
0.92
0.22
0.15
2.59

0.19
0.10
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5-Methyldihydro-2(3H)-Furanone
2(3H)-Furanone, dihydro
2-methyl-2,3-dihydro-furan-3-one
3-Furancarboxaldehyde,4,5-dihydro
1-(Furan-2-yl)propan-1-ol
2(3H)-Furanone, dihydro-4-methyl
4-Propyl-2,3-dihydrofuran
2(5H)-Furanone,3,4-diethyl
1,4:3,6-Dianhydro-.alpha.-d-glucopyranose
2,4-dihydro-pyran-3-one
2-Acetyl-2-methyltetrahydrofuran
Total furan

Other compound

Guaiacol, 4-ethyl

Anhydro-sugar

diethyl [3-(5,5,9,9-tetramethyl-1-0x0-3-thioxo2-

azaspiro[3,5]nonan-2-yl)propyl]phosphonate
Methane

0.10
2.14
0.05
0.10
0.09
0.10
0.03
0.08
0.26
0.11
0.07
3.42

0.35
0.49
0.12

0.14
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Table 3 Effects of dietary bamboo vinegar (BV) on performance of laying hens during

70-86 weeks of age

Dietary BV (%) P-value
Parameters SEM  ANOVA
0 0.2 0.4 0.8 Linear  Quadratic

Initial body weight (g) 1694.80 1699.25 1676.50 1698.60 22.72 0.980 0.996 0.803
Final body weight (g) 1908.50 1902.75 1914.50 1932.00 25.90 0.983 0.715 0.891
Body weight change (g) 21370 20350  238.00 233.40 27.27 0.969 0.731 0.938
Egg production (%)

71-74 week 81.78 80.24 81.78 81.60 1.37 0.976 0.929 0.882

75-78 week 78.22 78.12 78.62 80.54 0.96 0.804 0.362 0.719

79-82 week 80.00 79.35 81.78 78.75 1.80 0.946 0.866 0.702

83-86 week 77.85 75.77 79.10 77.85 2.14 0.962 0.880 0.976

71-86 week 79.46 78.37 80.32 79.68 1.28 0.965 0.867 0.957
Egg weight (g)

71-74 week 62.85 62.20 62.80 62.04 0.37 0.841 0.561 0.911

75-78 week 62.38 62.24 62.56 62.48 0.28 0.981 0.826 0.957

79-82 week 63.88 62.86 63.51 63.25 0.39 0.898 0.860 0.803

83-86 week 63.21 62.52 63.07 63.03 0.35 0.913 0.972 0.743

71-86 week 63.08 62.45 62.98 62.70 0.30 0.901 0.856 0.895
Egg mass (g/hen/day)

71-74 week 51.39 4991 51.36 50.62 0.84 0.931 0.963 0.970

75-78 week 48.79 48.62 49.18 50.32 0.67 0.815 0.367 0.785

79-82 week 51.10 49.88 51.94 49.81 1.18 0.873 0.813 0.622

83-86 week 49.21 47.37 49.88 49.07 1.36 0.923 0.909 0.933

71-86 week 50.12 48.94 50.59 49.95 0.77 0.904 0.868 0.946
Damaged egg rate (%)

71-74 week 1.68 1.36 1.15 1.13 0.31 0.927 0.564 0.733
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75-78 week
79-82 week
83-86 week
71-86 week
Feed intake (g/d)
71-74 week
75-78 week
79-82 week
83-86 week
71-86 week
Feed efficiency (g of egg
mass/g of feed
consumed)
71-74 week
75-78 week
79-82 week
83-86 week

71-86 week

2.85
3.02°
3.15°

2.67

103.85
103.20
106.36
107.08

105.12

0.495
0.472
0.480
0.460

0.476

191
2.79%
3.10°

2.29

104.58
103.41
105.65
105.64

104.82

0.477
0.470
0.472
0.448

0.467

2.01
1.79°
1.43°

1.60

105.70
103.84
105.56
106.58

105.42

0.486
0.474
0.492
0.468

0.480

1.82
1.41°
1.47°

1.46

103.64
104.08
105.91
106.77

105.10

0.488
0.483
0.470
0.459

0.475

0.39

0.23

0.29

0.23

0.41

0.20

0.37

0.36

0.25

0.007

0.006

0.011

0.012

0.007

0.784

0.032

0.034

0.276

0.300

0.418

0.890

0.565

0.884

0.924

0.909

0.831

0.949

0.918

0.445

0.005

0.013

0.072

0.818

0.107

0.771

0.906

0.870

0.912

0.513

0.847

0.562

0.879

0.590

0.614

0.412

0.523

0.275

0.761

0.479

0.381

0.845

0.688

0.768

0.527

0.569

0.932

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

Values are means of 10 replicates.
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Table 4 Effects of dietary bamboo vinegar (BV) on egg quality traits of laying hens at

74,78, 82 and 86 weeks of age

Dietary BV (%) P-value
Parameters SEM  ANOVA
0 0.2 0.4 0.8 Linear Quadratic

Egg weight (9)

74 week 62.26 62.17 62.36 62.24 0.31 0.990 0.980 0.947

78 week 62.67 62.74 62.84 62.47 0.40 0.991 0.855 0.802

82 week 63.52 63.07 63.05 63.40 0.48 0.983 0.987 0.697

86 week 62.52 62.64 62.35 62.86 0.37 0.973 0.786 0.792
Eggshell weight (g)

74 week 6.73 6.84 6.83 6.79 0.05 0.854 0.791 0.440

78 week 7.01 7.00 6.97 7.04 0.08 0.993 0.898 0.810

82 week 7.13 7.05 7.30 7.32 0.07 0.545 0.254 0.963

86 week 6.92 6.91 7.17 7.20 0.06 0.215 0.066 0.720
Eggshell percent (%)

74 week 10.80 11.01 10.96 10.91 0.06 0.692 0.713 0.325

78 week 11.16 11.15 11.10 11.27 0.11 0.952 0.712 0.683

82 week 11.21 11.17 11.59 11.56 0.10 0.337 0.148 0.652

86 week 11.08 11.02 11.49 11.45 0.09 0.152 0.071 0.587
Eggshell thickness (mm)

74 week 0.387 0.386 0.392 0.388 0.003 0.873 0.726 0.647

78 week 0.372 0.386 0.376 0.388 0.004 0.482 0.301 0.985

82 week 0.365" 0.370® 0.386° 0.390% 0.003 0.040 0.008 0.473

86 week 0.366 0.375 0.377 0.386 0.003 0.199 0.037 0.815

Eggshell strength

(kg/cm?)
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74 week

78 week

82 week

86 week
Albumen weight (g)

74 week

78 week

82 week

86 week
Yolk weight (g)

74 week

78 week

82 week

86 week
Yolk color score

74 week

78 week

82 week

86 week
Haugh unit

74 week

78 week

82 week

86 week

4.43

4.37

3.83

3.81

39.75

39.35

40.53

39.38

15.78

16.31

15.86

16.22

8.18

8.45

8.20

8.06

87.29

85.63

86.60

84.69

4.30

4.22

3.88

3.91

39.83

39.24

40.55

39.55

15.50

16.50

15.47

16.18

8.03

8.53

8.27

8.16

87.02

84.16

85.75

84.56

4.63

431

4.23

4.01

39.59

39.58

39.43

38.94

15.94

16.29

16.32

16.24

8.06

8.63

8.26

8.06

87.49

84.61

85.86

84.63

4.47

4.45

4.54

4.29

39.74

39.19

39.98

39.43

15.71

16.24

16.10

16.23

8.13

8.42

8.14

8.18

86.65

85.77

86.87

84.88

0.08

0.14

0.15

0.07

0.27

0.36

0.39

0.31

0.12

0.21

0.18

0.14

0.08

0.18

0.07

0.06

0.50

0.52

0.51

0.56

0.613

0.950

0.323

0.100

0.991

0.984

0.717

0.912

0.661

0.978

0.437

0.990

0.927

0.722

0.917

0.868

0.946

0.663

0.850

0.998

0.660

0.750

0.072

0.014

0.940

0.923

0.525

0.947

0.901

0.818

0.402

0.948

0.954

0.844

0.693

0.617

0.701

0.717

0.739

0.883

0.691

0.680

0.968

0.845

0.901

0.810

0.553

0.698

0.870

0.864

0.846

0.989

0.547

0.282

0.564

0.903

0.775

0.276

0.426

0.893

2P\/alues with different superscripts in the same row are significantly different (p < 0.05).

Values are means of 10 replicates.
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Table 5 lleal bacteria counts of hens fed 0, 0.2, 0.4 and 0.8% dietary bamboo vinegar
(BV) (log10 cfu/g of wet digesta)

Dietary BV (%) P-value
Parameters SEM  ANOVA
0 0.2 0.4 0.8 Linear  Quadratic
Escherichia coli 423 422 421° 420" 0004  0.039 0.011 0.200
Salmonella spp. 3.86° 3.84° 381° 380" 0006  0.001 0.001 0.060
Lactobacillus spp.  4.14 4.15 4.16 416  0.003 0.239 0.065 0.391

2P\/alues with different superscripts in the same row are significantly different (p < 0.05).

Values are means of 10 replicates.

Table 6 Villus height and villus area of the duodenum, jejunum and ileum in hens fed 0,
0.2, 0.4 and 0.8% dietary bamboo vinegar (BV)

Dietary BV (%) P-value
Parameters SEM ANOVA
0 0.2 0.4 0.8 Linear Quadratic

Villus height (mm)

Duodenum 1.38" 1.37° 1.44%  1.42% 0.007 0.001 0.008 0.123

Jejunum 0.86 0.87 0.90 0.89 0.005 0.189 0.160 0.208

lleum 0.46 0.45 047 046 0004 0466  0.649 0.709
Villus area (mm?)

Duodenum 0.117° 0.120* 0.125° 0.123* 0.001 0.043 0024  0.116

Jejunum 0.074 0.074 0.0/8 0.077 0.001 0.052 0.054 0.290

Ileum 0.032 0.031 0.034 0.033 0.001 0.563 0.559 0.656

2P\/alues with different superscripts in the same row are significantly different (p < 0.05).

Values are means of 10 replicates.
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