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I-1. Current poultry production  

Today, products from poultry species are the major meat sources for mankind. The cost of 

the protein production per unit in the poultry industry is relatively cheap compared with meat 

sources produced from other animals. This is due to genetic selection of the poultry and as a 

result of the high efficiency of the feed conversion ratio (FCR). The protein from poultry sources 

can be obtained from various species such as chicken, duck, goose, quail and ostrich etc. Poultry 

production across the world has increased according to increase of the human population which 

elevates the protein consumption. 

This situation has boosted the growth of the poultry industry and the related businesses 

that supply the industry. For example industries that supply poultry feed, additives, drugs, 

vaccines, instruments and transportation etc, have all grown alongside the poultry industry,  

which helps drive the world economy (Fig. 1-1). 

 

Fig. 1-1. Number of chickens (a), carcass weight (b) and egg production per animal (c) from 

1961 to 2008, data from FAO (2010) [105]. 

b 

c 

a 
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 The poultry production system over the past two decades has been transformed to be an 

industry of integrated farming, for mass production supplies to the human food chain. To meet 

the consumption demand, large scale production has helped to keep the prices of poultry products 

relatively low. Many investments have been made in this area and the related businesses. 

However, the supply to the global market is still insufficient. Hence, small scale poultry 

production systems by smallholders and backyard farming still play important role for supplying 

the protein sources in a family and within small communities (Fig. 1-2). 

 

Fig. 1-2. Global distributions of chickens (a) and ducks (b), data from Livestock Geo-Wiki 

(http://www.livestock.geo-wiki.org) [84]. 

 

I-2. Poultry diseases and their global effects on the economy 

Success in optimal production yield is affected by breed, feed and management, which 

also includes disease control.  Control of diseases is one of the crucial factors which directly 

effects poultry population and production yields. The diseases can be infectious and non-
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infectious. The non-infectious diseases are usually caused by inappropriate management, which 

can usually be resolved by management correction. On the other hand, the infectious diseases 

cause big damages to production systems. Causative agents may circulate in the farm or 

surrounding areas and possibly reappear under certain conditions. Some diseases are highly 

contagious and harmful, often causing outbreaks in many areas around the world.  Examples of 

these are avian influenza (AI), Newcastle disease (ND) and infectious bursal disease (IBD). The 

infectious diseases can be transmitted through various routes. However, the main routes 

attributed to many impacting pathogens usually occur by ingestion and airborne transmission [31, 

38, 89, 122]. 

Current trend in consumption, and the need for clean and high-quality food at a relatively 

low price, food borne pathogens and chemical residues are seriously concerned. As a result, 

global trading barriers have been established using these reasons as criteria. Some poultry 

diseases, especially AI and ND, are highly focused, because of their huge impacts on the poultry 

production system, as well as human health concerns. If these diseases re-emerge in countries 

around the world, there would be serious implications and restrictions regarding the import and 

export of poultry products. 

So far, disease prevention has been implemented using various tools such as vaccines, 

disinfectants and bio-security systems etc. However, highly pathogenic avian influenza (HPAI) 

virus (HPAIV) H5N1 subtype emerged in many countries especially in Southeast Asia since late 

2003 [55, 91]. HPAIV H5N1 has very harmful effects to poultry health and becomes endemic in 

many regions (Fig. 1-3). Similar to other contagious livestock diseases, HPAI affects poultry 

production yield via morbidity and mortality. This disease pushed government for interventions 
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aimed at disease control including mass culling of infected flocks, movement restrictions of birds 

and surveillance of the disease. 

 

I-3. Transmission and spreading of important poultry diseases 

The emergence or re-emergence of some infectious diseases have enormous impacts on 

the poultry industries as mentioned. Spreading of AI viruses (AIVs) was found to be relating to 

weather, a temperature drop shortly before these outbreaks in birds in each of the Eurasian 

regions stricken in 2005 and 2006 [56]. Moreover, a wealth of evidence discloses that wild 

aquatic birds are reservoirs for influenza viruses [24, 25, 33, 36, 39, 41, 43, 53, 63, 75, 76]. AIV 

is therefore spread each other in the resting or breeding areas via migratory birds. The 

transmission of AIV may occur among migrating birds and domestic poultry through the local 

avian species or direct contact with birds in the poultry farms. 

HAIV H5N1 affects global health and the economic loss of poultry production, as well as 

human health concerns due to the human fatalities caused by the virus transmission through live 

birds and live bird markets (LBM). The LBM plays a crucial role in the maintenance, 

amplification and dissemination of AIVs as potential zoonotic transmission of influenza viruses 

to humans [69, 95]. HPAIV can also persist in chicken meat for several weeks under frozen 

storage [20, 71], as well as in feathers or feces [13, 115]. 
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Fig. 1-3. Disease distribution maps of avian influenza virus during January-June 2015. Low 

pathogenic avian influenza (a) and highly pathogenic avian influenza (b), data from OIE (2015) 

[113]. 

 

a 

b 
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AIVs can be spread in a variety of ways during migration of wild aquatic birds. Poor 

hygiene practices are especially problematic in some Asian countries containing large 

populations of backyard poultry, as well as domestic ducks raised as adjunct or in the rice fields 

[65]. 

Similar to HPAI, ND has a huge impact on poultry industries. It is one of the global 

trading barriers, because of its high mortality and morbidity. ND virus (NDV) has also been 

found in wild or migratory birds [14, 37, 57, 85, 94]. Along with strict hygiene management, 

vaccination programs with inactivated and live attenuated viruses have been used for the 

prevention and control of ND.  However, this disease still occurs occasionally in some countries 

(Fig. 1-4) [14, 48]. 

 

Fig. 1-4. Disease distribution maps of Newcastle disease during July-December 2014, data from 

OIE (2015) [113].  
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IBD, also known as Gumboro disease, is one of the most highly contagious diseases that 

effects chicken production worldwide (Fig. 1-5). This virus resists heat inactivation [3] as well as 

chemical treatments [77]. It can survive in various environments, even during composting 

procedures [30]. The most efficient way to prevent this disease is vaccination, as chickens are 

susceptible to IBDV in their first week of life. It’s possible that some vaccines may not give full 

protection against very virulent IBD virus strain, depending on its characteristics or vaccination 

procedures. Early vaccination with live vaccines, however, may be interfered by maternally 

derived specific antibodies against IBDV [68]. 

 

Fig. 1-5. Disease distribution maps of infectious bursal disease during July-December 2014, data 

from OIE (2015) [113]. 

 

Although chickens are highly susceptible to IBD, other poultry species such as turkeys 

and ducks show minimal or no clinical signs under natural conditions [49], However, IBDV was 

isolated from clinically healthy ducks which were negative for IBD antibody [49]. These results 



9 

 

suggest that turkeys and ducks can be reservoirs and pass this virus to domestic chickens, 

especially in non-vaccinated chickens, which increase the risk of IBDV as compared to 

vaccinated birds [119]. 

Transmission risks of infectious diseases in backyard poultry was affected by making 

contact with wild birds, neighboring backyard waterfowls and local LBM [110], The disease 

pathogens can also be introduced into a farm area by human, mechanical or biological vectors. 

 

I-4. Disease control for a modern poultry industry  

According to the different types of poultry farming, the disease control measures vary 

depending upon the management. Generally, the industrial farming systems have much higher 

intensive management systems than smallholders or backyard farming. The production systems 

in the industry are usually operated by management of the companies. The production systems 

are quite complex. The need to supply products continuously may result in companies performing 

sub-standard disease control measures. The consequences of the sub-standard disease control 

measures may contribute to the invasion of pathogens and the spread of diseases in farms.  

Intensive poultry farming provides ideal conditions for the mutation and transmission of 

pathogens, as huge numbers of birds can be crowded in narrow spaces. A warm dusty 

environment can facilitate the transmission of disease pathogens. In addition to this, genetic 

selections of birds to generate new breeds for their faster growth rates and the higher meat or egg 

yields have made immune systems of birds less able to cope with infections.  

Since HPAI became the most important disease of interest, some countries have decided 

to use vaccines as the strategy to stop the disease from spreading [21, 54, 78, 81, 98, 121]. 

However, the live-attenuated vaccine could cause the circulation of the virus in the area, bringing 
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genetic evolution under vaccination pressure [22] and vaccine using was found to be 

unsuccessful in eradicating the virus from the countries [98]. Thus, many bio-security measures 

have been the topic of interest. They are important for reducing the risk of infection and 

protecting the poultry from diseases such as HPAI. There are many materials tested for 

inactivating the virus, and several methods for application have been developed which are the 

essential tools for reducing AIV from spreading [34, 74, 98, 103, 104, 106, 108]. Until now, 

many chemicals have been used as virucide in the biosecurity system. But the efficacy of them is 

usually not prolonged and can be affected by many factors when used under field conditions. 

Hence, studies on how to control AI by enhancement of biosecurity should be carried out for 

finding the way to prevent and control this disease. 

 

I-5. Biosecurity in poultry farming 

Biosecurity is a term originally described efforts to prevent infectious disease in crops and 

livestock, particularly poultry [72]. Good biosecurity should be practiced at all times, not only 

during a disease outbreak, to protect birds and poultry industries from infectious diseases.  

However, occasionally biosecurity measures can fail, enabling outbreaks to occur on intensive 

production farms. The rise of emerging and re-emerging poultry diseases has forced the operators 

to establish tools and measures to prevent the diseases from entering their farms. 

 

I-6. Enhancement of biosecurity systems  

Intensive biosecurity systems are the topic of interest in terms of disease prevention and 

control. Nowadays, vaccination and disinfection are the core measures for disease prevention. 

Disinfectants play a major role for farm cleaning and disinfection. But most of the disinfectants 
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usually lose their efficacy under farm conditions [58], especially in the presence of organic 

materials [18, 26]. Their efficacy may not last long enough after being applied [108]. Thus, the 

restriction of disinfectant applications brings about vulnerability of biosecurity systems. 

Therefore, searching for new candidate materials that can be applied in livestock farming is 

essential for the enhancement of biosecurity systems serving farming. 

 

I-7. Ceramic powders  

Ceramic powders are materials derived by a process of sintering or burning. The ceramics 

can be prepared by various sources, i.e. chicken feces, scallop shell, cow feces, Japanese cypress, 

soybean (byproduct from tofu production), polyvinyl chloride etc. The ceramic powders derived 

from organic matter, prepared by sintering process with the plant developed by NMG 

Environmental Development Co., Ltd. (Tokyo), were tentatively named bioceramics (Fig. 1-6). 

 

Fig. 1-6. The plant making bioceramics by sintering process. 
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 The bioceramic derived from chicken feces at pH 10.6 that was first reported as a 

virucidal material by Takehara et al. had virucidal effects on AIV and avian adenovirus [103]. 

The ceramic powder could maintain the virucidal activity even after washing with 1M Tris-HCl 

(pH 8.0) and the virucidal activity was not affected by presence of organic material [103]. This 

material is safe for applying in chick feed as feed additive, even adding up to 5% in feed. There 

was no difference in body weight between normal feeding and the ceramic-mixture nurturing. 

The mode of action of the ceramic powder remains unknown, but it possibly works by its 

alkalinity and by adsorbing the virus [103]. 

 

Table 1-1. Composition of ceramics derived from some materials. 

 

Components Amount in ceramics from various sources (%)  

Chicken feces Soybean PVC 

P2O5 24.48 22.82 36.66 

CaO 24.02 12.84 28.33 

K2O 21.54 52.84 3.92 

MgO 9.6 7.33 1.44 

SO3 5.31 2.83 0.65 

Na2O 4.88 - 1.04 

SiO2 3.94 0.39 2.35 

 

PVC: Polyvinyl chloride 

Data provided by NMG Environmental  Development  Co., Ltd. 
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 Table 1-1 shows composition of ceramics derived from chicken feces, soybean and 

polyvinyl chloride that were evaluated by fluorescent x-ray analysis method (data provided by 

NMG Environmental Development Co. Ltd.). There are 3 major components, namely P2O5, CaO 

and K2O. These 3 components were preliminary supposed to be the main active components of 

each ceramics. However, Tsujimura et al. [106] reported that ceramic powder made from scallop 

shell by burning process, which contains 99.9% of CaO illustrated the excellent efficacy to 

inactivate low pathogenic AIV and goose parvovirus, even in a short contact time as 3 min. It 

could maintain virucidal efficacy for several weeks when kept in a natural environment. This 

report displayed the potency of CaO to inactivate the virus, which was the evidence that CaO 

could possibly be the main active component for viral inactivation. 

 

I-8. Objective of thesis dissertation 

 According to the information described previously, the recent situation regarding poultry 

diseases around the world is still unstable. Bio-security systems still play a major role in poultry 

disease control at farm level. However, the intensive measurement for diseases prevention is still 

limited to industrial scale farms. Bio-security systems require big investment, which small farm 

owners cannot obtain. The farms with low bio-security systems tend to be portal entry sites of 

infectious agents through wild animals. This is one of the reasons for the continuous outbreaks of 

infectious diseases. 

 This thesis dissertation aims to find materials or methods for enhancing bio-security 

systems at farms. Ceramic powders are interesting for evaluating and optimizing methods of 

application in poultry farms, either at industrial scale, small holder or backyard level. Therefore, 
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various sources of ceramics, their efficacies should be evaluated to find the best way to apply 

them at the farms for enhancement bio-security systems in the poultry industry. 



 

 

 

 

 

 

 

 

 

 

 

 

Chapter 2 

“Preliminary Materials Selection” 
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II-1. Background 

Since 2003, outbreaks of highly pathogenic avian influenza (HPAI) by avian influenza 

virus (AIV) subtype H5N1 in Asia have been causing serious problems to poultry production and 

spread widely in Asia, Europe, and Africa [55, 91]. It affects global health and the world 

economy, with a decrease of poultry productivity, and has become one of the major factors 

regarding trade barriers. 

For HPAI control, the stamping out policy is a key point and the strategy of vaccination 

only is not preferred as a general concept [15]. Even with vaccination, to control many diseases, 

especially Marek’s disease (MD) or infectious bursal disease (IBD), general hygiene 

management including cleaning and disinfection are very important. Prevention of invasion and 

the elimination of pathogens at farms are very critical. Hence, biosecurity measures have become 

the topic of interest and it is very important to search for good materials that can inactivate 

pathogens and are stable in the environment. 

The products produced from biological materials such as animal feces, food residue, and 

food processing byproducts by sintering process with the plant developed by NMG 

Environmental Development Co., Ltd. were tentatively named bioceramics in this thesis. 

Efficacy of a bioceramic powder derived from chicken feces (BCX) at pH 10.6 to inactivate AIV 

was reported by Takehara et al. in 2009 [103]. In the present experiment, bioceramic powders 

from various sources had been preliminary evaluated for the efficacy to inactivate AIV. The 

possibility of bioceramics application in the environment was also evaluated. 
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II-2. Materials and methods 

 II-2-1. Ceramic Powders 

The ceramics used in the present experiment were derived from various sources, 

including chicken feces (BCX), soybean (byproduct from tofu production; SB), and polyvinyl 

chloride (PVC), and these ceramics were provided by NMG Environmental Development Co., 

Ltd (Fig. 2-1). The other ceramic powder produced from scallop shell (scallop shell powder: 

SSP) was supplied by C&C Co., Ltd. (Tokyo, Japan) (Fig. 2-1). As already described in I-7, SSP 

had been tested in our lab and showed good efficacy to inactivate viruses [106]. All the ceramics 

were examined for the pH after conducted 20 % w/w suspension with double distilled water 

(dW2). The pH strips (PEHANON, pH 9.5-12.0 and pH 12.0-14.0, Macherey Nagel GmbH & Co. 

KG, Germany) were applied to check the pH of the supernatants after centrifugation of the 

suspension by 340  g for 5 min. 

 

II-2-2. Viruses 

In this experiment, two viruses, including low pathogenic AIV (LPAIV) H7N1 

(A/duck/Aomori/395/04) [43] and goose parvovirus (GPV) strain IHC [100] were applied for the 

evaluation of the efficacy of the bioceramics to inactivate the viruses.  AIV was propagated in 

10-day-old embryonated chicken eggs and GPV in Muscovy duck embryo fibroblasts (MDEF). 

The harvested allantoic fluid and the supernatant of MDEF culturing medium which contained 

the viruses were stored at -80 
o
C until further testing. 

 

 

 



18 

 

II-2-3. Cell cultures 

Two kinds of cells were used for culturing the viruses during the evaluation procedure in 

the experiment.  One was Madin-Darby canine kidney (MDCK) cells. This cell line was used for 

AIV culturing. The other one was MDEF, the primary cells prepared from 14-day-old 

embryonated Muscovy duck eggs provided from Gin-no Kamo, Agricultural union (Aomori, 

Japan). The MDEF had been subjected for culturing the GPV strain IHC, a MDEF adapted virus 

[100]. Both kinds of the cells were cultured in growth medium (GM), consisting of Eagle’s 

minimum essential medium (EMEM; Nissui Pharmaceutical Co., Ltd., Tokyo, Japan), 

supplemented with 0.3% of tryptose phosphate broth, 5% fetal bovine serum (FBS), L-glutamine 

(0.3 mg/ml), NaHCO3 (1.4 mg/ml), and an antibiotic-fungicide cocktail (penicillin 100 IU/ml, 

Streptomycin 0.1 mg/ml and amphotericin B 0.5 µg/ml). 

 

II-2-4. Experimental designs 

II-2-4-1. Virucidal efficacy of ceramics on AIV and GPV 

For inactivation efficacy testing, the ceramics of 200 mg were mixed with 100 µl of 

viruses, and then kept at room temperature (25
o
C) for 20 h., except SSP which was kept for 3 min. 

After that, viruses were recovered by adding 900 µl of maintenance medium (MM) (GM as 

mentioned above, without FBS), vortexed vigorously and centrifuged by 17,400  g for 3 min. 

The resulted supernatant was then the subject for making 10 fold dilutions serially with MM and 

titrated on MDCK cells for AIV H7N1 with 1 ug/ml trypsin. The cytopathic effect (CPE) was 

observed and determined at 3 days post-inoculation (dpi), which was confirmed by 

hemagglutination assay (HA) for measuring the virus growth.  
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The GPV inactivation was also performed as described above. But the virus titration was 

performed using MDEF without adding trypsin and CPE was determined at 7 dpi, which was 

confirmed by 0.5% crystal violet (w/v) staining. 

 

II-2-4-2. Stability in environment testing 

All the ceramics were assessed for their stability efficacy to inactivate AIV after being 

applied into the environment.  The ceramics with the amount of 3 g were poured into 90 mm petri 

dishes (3 g/57cm
2
 = 526 g/m

2
) (Fig. 2-1). Then all the dishes were kept under the sunlight from 

morning to evening for 7 weeks. 

Another set of dishes containing each ceramic was also prepared and kept separately, 

aiming to measure the efficacy after being kept under wet and dry conditions. These ceramics in 

dishes were suspended with chlorine free tap water, 10 ml per dish. This water had been stored in 

an open container at room temperature at least one day before using for ensuring the chlorine 

vapored out. Then these dishes were kept with the lids open under the sunlight until the ceramics 

became dried up. Each dish was re-suspended with the same volume of water followed the 

evaporation.  This procedure was repeated 7 times. 

The portions of the ceramics in the dishes were collected for 7 weeks under the sunlight, 

as well as for 7 times after being dried. All the collected samples were stored at room temperature 

for further virucidal efficacy testing. The ceramics of 100 mg in micro-tubes were incubated with 

50 µl of AIV. The virus was recovered with 450 µl of MM, made serial 10 fold dilution, then 

inoculated into MDCK cells. 
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Virus titers were calculated as 50% tissue culture infectious dose (TCID50)/ml, according 

to Behrens-Kärber’s method [64]. Reduction factor (RF) was calculated using the following 

equation: 

RF = tpc – ta              

The tpc is converted titer into log10 of untreated samples, while ta is converted titer of the 

recovered virus of treated samples.  Inactivation was considered to be satisfactory when RF≥3 [5, 

34, 58, 103, 106]. 

 

II-3. Results 

The results obtained from the pH measurement of supernatant mixed with ceramic 

revealed that all the ceramics had alkalinity properties. The lowest value was illustrated by PVC, 

of which the pH was 9.5-10. The highest values were for BCX and SSP, up to pH 13 (Table 2-1). 

After 20 h of the incubation period, all the ceramics showed the sufficient efficacy to 

inactivate AIV, the titer of which could be reduced more than 10,000 times (RF>4) when 

compared with positive control, namely the untreated virus which was kept for the same period as 

the incubated virus (Table 2-2). At the same incubation period as mentioned for AIV, BCX, SSP 

and PVC showed the satisfactory efficacy to reduce GPV titer, with more than 10,000 times 

(RF>4) of reduction, compared with the virus control. Solely, SB had the ability to inactivate 

GPV with less than 100 times reduction (Table 2-2).  

After keeping the ceramics derived from various sources under the sunlight for 7 weeks, 

the ceramics treated viral titers were as shown in Table 2-3. The ceramics were incubated with 

AIV for 20 h except SSP, which was incubated for 3 min. The complete inactivation was found 

with all the collected samples with 20 h incubation. All the samples reduced the viral titer to the 
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one lower than the detectable level (≤2.5 log10TCID50/ml) at the beginning, and even after 7 

weeks under the sunlight. The SSP sample collected after 7 weeks also showed virucidal efficacy 

(RF≥5.75) with 3 min incubation. 

Under the wet and dry conditions, namely being washed with water and dried under the 

sunlight 7 times, the collected samples could still inactivate the virus to the undetectable level (≤ 

2.5 log10TCID50/ml) if they were incubated with AIV for 20 h (Table 2–4). The SSP sample 

collected after 7 times washing lost its virucidal efficacy with 3 minute incubation periods, 

however, if the sample was incubated with the virus for 20 h, it still showed the sufficient 

virucidal efficacy (RF=3.75) (Table 2-4).   

 

II-4. Discussion   

Influenza virus is an enveloped RNA virus [97], stable at a slightly basic pH (7.4–8.2) 

[11]. In the present study, the high basic pH of ceramics was found sufficient to inactivate AIV 

when 20 h of incubation periods was desired for testing. GPV was applied in the experiment with 

the aim to compare the inactivation efficacy of ceramics between AIV and GPV, which is an 

RNA virus, and a physico-chemically resistant DNA virus. Although AIV was inactivated by all 

ceramics in the present experiments, SB could not illustrate the satisfactory efficacy to inactivate 

GPV. 

Tsujimura et al. [106] reported that SSP showed the excellent efficacy to inactivate AIV 

and GPV within 3 min.  However, in their field test, SSP was placed in a planter with 10 kg/m
2
 

and the amount of SSP was 10-20 times more than SSP in the normal field application (0.5-1.0 

kg/m
2
) [106]. In the present experiment, ceramics of 526 g/m

2
 was used to mimic application at 

poultry farms.   
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The main component of SSP is CaO, and it accounts for 99.9% of all the components of 

SSP [106]. As shown in Table 1-1, CaO in BCX and PVC accounts more than 24%, but only 

12.8% in SB. As shown in Table 2-2, BCX, PVC and SSP could inactivate AIV and GPV to 

under detectable lever, however, SB showed good virucidal activity against AIV but not against 

GPV.  These results suggest that the account of CaO contents relates virucidal activity. 

Bioceramic derived from chicken feces at pH 10.6 required at least 4 h incubation period to 

inactivate AIV (RF>4.1), but 12 h for avian adenovirus (RF>5.9) [103]. In the present experiment, 

therefore, incubation of 3 min for SSP and 20 h for other ceramics were chosen. The present 

experiment demonstrated the inactivating efficacy of BCX, SSP, PVC and SB to LPAIV H7N1. 

All ceramics disclosed the good efficacy to inactivate LPAIV, in which the titer can be reduced 

more than 10,000 times (RF>4) when compared with positive control, the untreated virus which 

was kept at the same incubation period. 

The measurement to see if it’s possible to use these ceramics in the environment was 

designed by using the simulated conditions (0.5 kg/m
2
 in the field) under the sunlight and the 

wet-dry conditions. The results in the present study indicated that all ceramics still had 

satisfactory efficacy even after kept under the sunlight for up to 7 weeks.  Previously SSP was 

placed in 10 kg/m
2
 [106], but in the present study the ceramics were placed in the small amount 

(0.5 kg/m
2
) to mimic the field conditions and the results were satisfactory.   

Under the wet and dry conditions, all ceramics were examined by 20 h of incubation 

period. They illustrated good efficacy after being re-suspended, 7 times. There are some 

differences among the obtained titers. However, they are all satisfying due to the high level of 

viral reduction which was demonstrated, as more than 1,000 times (RF>3) (Table-2-4). 
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As shown here, both simulation methods can be referred to, the harsh condition in the 

field application especially at the high temperature, long exposure time under the sunlight, and 

wet conditions after being exposed to rain. The results indicated that all ceramics can be used in 

the field due to their efficacy to inactivate LPAIV and remain stably under harsh conditions. 

These ceramics may be able to apply in bio-security and HACCP at farms for controlling AIV 

due to their long lasting efficacy to inactivate AIV. 

However, when their efficacy on GPV is considered, BCX, SSP and PCV illustrated 

satisfactory virucidal efficacy on both viruses (AIV and GPV). Among these three materials, 

PVC is derived from synthetic resin, not bio-materials (not bioceramic for definition in this thesis 

dissertation), and caking usually occurred during storage. Hence it’s possible to ignore PVC for 

further evaluation. 

 

Table 2-1. The pH of the supernatants of 20% ceramics suspentions derived from various sources. 

 

Source of Ceramics pH 

Chicken feces: BCX 13 

Scallop shell powder: SSP 13 

Polyvinyl chloride: PVC ≤ 10 

Soybean: SB 11 

 

All the ceramics were examined for the pH after conducted 20 % w/w suspension with 

dW2. 
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Table 2-2. Viral titers of AIV and GPV after treated with ceramics. 

 

 

Source of ceramics 

AIV titer  

(log10TCID50/ml) 

 

RF 

GPV titer  

(log10TCID50/ml) 

 

RF 

Control Ceramic Control Ceramic 

BCX 7.25 ≤ 2.5 ≥ 4.75 7.25 ≤ 2.5 ≥ 4.75 

SSP 8 ≤ 2.5 ≥ 5.5 7.25 ≤ 2.5 ≥ 4.75 

PVC 7.25 ≤ 2.5 ≥ 4.75 7.25 ≤ 2.5 ≥ 4.75 

SB 7.25 2.5 4.75 7.25 5.5 1.75 

 

BCX: bioceramic derived from chicken feces, SSP: scallop shell powder, PVC: ceramic derived 

from polyvinyl chloride, SB: bioceramic derived from soybean.  

Ceramics were incubated with viruses for 20 h, except SSP for 3 min. 

RF: Reduction factor 
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Table 2-3. Virucidal efficacies of ceramics on AIV after kept under the sunlight. 

 

 

Sources of ceramics 

Viral titer (log10TCID50/ml) 

At 0 week  At 7 weeks 

3 min 20 h  3 min 20 h 

BCX NT ≤ 2.5  NT ≤ 2.5 

SSP ≤ 2.5 NT  ≤ 2.5 NT 

PVC NT ≤ 2.5  NT ≤ 2.5 

SB NT ≤ 2.5  NT ≤ 2.5 

Virus control 7.75 7.75  7.75 7.5 

 

BCX: bioceramic derived from chicken feces, SSP: scallop shell powder, PVC: ceramic derived 

from polyvinyl chloride, SB: bioceramic derived from soybean. 

NT: Not tested 

These ceramics were kept under the sunlight for 7 weeks. The virucidal efficacies on viruses 

were evaluated by incubation with viruses for 20 h. SSP was also evaluated by incubation for 3 

min. 
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Table 2-4. Virucidal efficacies of ceramics on AIV after kept under the wet and dry conditions. 

 

 

Sources of ceramics 

Viral titer (log10TCID50/ml) 

At 0 times  At 7 times 

3 min 20 h  3 min 20 h 

BCX NT ≤ 2.5  NT 2.5 

SSP ≤ 2.5 NT  6 3 

PVC NT ≤ 2.5  NT ≤ 2.5 

SB NT ≤ 2.5  NT 2.5 

Virus control 8 7.75  7.75 6.75 

 

BCX: bioceramic derived from chicken feces, SSP: scallop shell powder, PVC: ceramic derived 

from polyvinyl chloride, SB: bioceramic derived from soybean. 

NT: Not tested 

These ceramics were kept under the wet and dry conditions for 7 times. The virucidal efficasies 

on viruses were evaluated by incubation with viruses for 20 h. SSP was also evaluated by 

incubation for 3 min. 

 

 



27 

 

 

Fig. 2-1. Ceramic powders derived from chicken feces (BCX), soybean (SB), polyvinyl chloride 

(PVC) and scallop shell powder (SSP) pouring in 90 mm dishes. The color of each ceramic is 

different according to the sources. BCX illustrates brown color, SSP shows white color, while 

grey color is found from others.
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III-1. Introduction 

Regarding preliminary materials selection described in Chapter 2, three materials which 

had been shown to have the excellent efficacy to inactivate avian influenza virus (AIV) and goose 

parvovirus (GPV) are ceramics derived from chicken feces, scallop shell and polyvinyl chloride 

(PVC). Bioceramic derived from chicken feces (BCX) is authorized as feed for domestic animals 

by Ministry of Agriculture, Forestry and Fisheries (MAFF), Japan (Feed No. 538, Livestock 

hygiene service center). Scallop shell powder (SSP) is one of the calcinated calcium that is 

recognized as food additives by Ministry of Health, Labour and Welfare (MHLW), Japan.  PVC 

is not derived from bio-materials but a synthetic resin, and usually used as insulating materials. 

Hence PVC was ignored for further evaluation.   

In this Chapter, SSP was investigated to inactivate AIV, Newcastle disease virus (NDV) 

and GPV. SSP is the materials prepared by burning process. Calcinated powder made from 

scallop shells with an average 20 μm diameter of the powder particles has been shown to possess 

virus-inactivating ability even in the presence of organic materials [106]. These powders can be 

used as “trapping” disinfection materials instead of slaked lime, because of their long lasting 

virus inactivating ability. Slaked lime became hardened in the shape of a board, but SSP 

remained as soft powder until the end of the experiment (8 months post-scattering) [106]. SSP 

had been evaluated in field test with large amount (10 kg/m
2
) [106], then it was evaluated with 

amount for normal field application (0.5 kg/m
2
) as described in Chapter 2,  Here in chapter 3, 

SSP was further evaluated in suspensions or modified for liquid application. 
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III-2. Materials and methods 

III3-2-1. Viruses 

Low pathogenic AIV (LPAIV) H7N1 (A/duck/Aomori/395/04) [43], NDV strain Sato 

[99] and GPV strain IHC [100] were applied in the evaluation system. The viruses were 

propagated in 10-day-old embryonated chicken eggs for AIV and NDV or Muscovy duck embryo 

fibroblasts (MDEF) prepared from 14-day-old Muscovy duck embryos for GPV. After aliquot, 

these viruses were kept at −80°C until used. 

 

III-2-2. Tested powder  

SSP used in the present experiment was kindly supplied by C&C Co., Ltd. (Tokyo, Japan).  

SSP further ground into nano sized particles (the average size of diameter is 500 nm – thereafter 

called CaO-Nano) and 20% suspension (weight per volume, w/v) of CaO-Nano in redistilled 

water (dW2) were obtained from Takara Yojo Co., Ltd. (Kawasaki, Japan). Suspensions of 3%, 

6% and 10% (w/v) of SSP and 2% suspension of CaO-Nano were prepared in dW2. Just before 

use, these suspensions were centrifuged at 12,000 × g for 3 min, and the resulted supernatants 

were used as SSP solutions or CaO-Nano solution. Commercially available slaked lime (SL) was 

purchased. 

 

III-2-3. Cell cultures  

AIV was titrated in Madin-Darby canine kidney (MDCK) cells as described [42], NDV in 

chicken embryo fibroblasts (CEF) [99, 100], and MDEF for GPV. All cells were cultured in 

growth medium (GM), consisting of Eagle’s minimum essential medium (MEM, Nissui 

Pharmaceutical Co., Ltd., Tokyo, Japan) supplemented with 0.3% of tryptose phosphate broth, 
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5% fetal bovine serum (FBS), L-glutamine (0.3 mg/ml), NaHCO3 (1.4 mg/ml), and an antibiotic-

fungicide cocktail (penicillin 100 units/ml, streptomycin 100 μg/ml, amphotericin B 0.5 μg/ml 

and 4 mM L-glutamine). 

 

III-2-4. Viral inactivation efficacy testing 

The efficacy evaluation system for SSP was conducted by incubating the powder 100 mg 

with 50 µl of AIV, and then keeping it at room temperature for 3 min or 20 h. After incubation, 

the virus was recovered by adding 450 µl of maintenance medium (MM; GM as mentioned above, 

without FBS), followed by vigorous vortex, and centrifuged by 17,400  g for 3 min. Finally, 

supernatant was subjected for performing 10 fold dilutions serially and titrated on MDCK with 

MM containing 1 µg/ml of trypsin at final concentration.  

The efficacies of SSP solution and CaO-nano-size solution were evaluated by 450 µl of 

the solution mixed with 100 μl of virus in a microtube, incubated at indicated time (5, 15, 30 and 

60 sec) and then neutralized with 450 μl of 1M Tris-HCl (pH 7.2). The neutralized samples were 

titrated immediately for remained viruses in each sensitive cell. To evaluate virus-inactivating 

activity of the solutions with organic materials, 200 μl of FBS was added to 100 μl of viruses, 

mixed with 450 μl of solutions in a microtube and then neutralized with 250 μl of 1M Tris-HCl 

(pH 7.2). To confirm the effect of 1 M Tris-HCl (pH 7.2) for neutralizing the tested solutions, 1 

M Tris-HCl (pH 7.2) was added to each solution before adding viruses (treatment for zero 

second). All the virus-inactivating activity tests were repeated at least 3 times and conducted at 

room temperature, namely 25°C±1. Hundred μl of each dilution were inoculated onto susceptible 

cells seeded in 96 well cell-culture plates (4 wells per dilution, 200 μl final volume in each well). 

For AIV, 1 μg/ml (final concentration) trypsin was added to MM.  
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Plates were incubated at 37°C in the presence of 5% CO2 and observed for virus-induced 

cytopathic effect (CPE). At 3 days-post inoculation (dpi) for AIV and at 5 dpi for NDV, 

hemagglutinin (HA) activity of the culture supernatant was checked with 0.5% chicken red blood 

cells (CRBCs) [99]. For GPV, at 7 dpi, endpoint cell viability was assayed by crystal-violet 

staining [93].  

Virus titers were calculated as 50% tissue culture infectious dose (TCID50) /ml, according 

to Behrens-Kärber’s method [64]. Reduction factor (RF) was calculated using the following 

equation:  

  RF = tpc – ta          

The tpc is converted titer into log10 of untreated samples, while ta is converted titer of the 

recovered virus of treated samples. Inactivation was considered to be satisfactory when RF≥3 [5, 

34, 58, 103, 106]. The experiment was carried out 3 times for obtaining the average result of viral 

titer.   

 

III-2-5. Efficacy evaluation of SSP and SL stored under the sunlight conditions 

A quantity of three gram of powder of SSP or SL was poured in a 90 mm petri dish to 

mimic field application (0.5 kg/m
2
) and kept under the sunlight for several weeks. Sampling was 

carried out every 2 consecutive weeks for 7 weeks. Collected samples were stored away from 

light at room temperature until testing. The samples were measured for their efficacies according 

to the viral inactivation efficacy testing protocol as mentioned above. 
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III-2-6. Efficacy evaluation of SSP and SL stored under the wet and dry conditions 

A quantity of three gram of powder was poured in a 90 mm petri dish, then subjected for 

making suspension by 10 ml of tap water. This water had been stored in an open container at 

room temperature for at least 1 day before being used, so as to ensure the chlorine has evaporated 

out. The dish was kept under the sunlight with the lids open until the powder became dried up. 

After dried, the powder in the dish was resuspended and dried repeatedly 7 times, and the 

sampling was conducted after drying each time. Collected samples were stored away from light 

at room temperature until testing. Their efficacy was measured according to the method applied 

for the sunlight experiment. During each resuspension, pH was measured by pH test paper. 

 

III-2-7. pH buffering testing 

Evaluation of pH persistence was carried out, aiming to assess the ability of SPP and SL 

to prevent their pH changing due to possible effects by other chemicals if applied in environment. 

With dW2, 20% w/w suspensions of SSP and SL were prepared. After vortex and centrifugation 

by 340  g for 5 min, pH of the supernatant was measured using pH test paper. The obtained pH 

value was determined as the initial pH of both materials for buffering testing. The new 

preparations of 20% w/w suspensions of SSP and SL were prepared with 1 M or 0.1 M of Tris-

HCl (pH 7.2). After vigorous vortex and centrifugation by 340  g for 5 min, the supernatant was 

removed, then 20% suspending was carried out again with dW2. After vortex and centrifugation 

by 340 x g for 5 min, the pH of the resulted supernatant was checked by pH test paper. Then the 

supernatant was removed and the suspension was reconstructed with 1 M or 0.1 M of Tris-HCl 

again for preparation of 20% and performing the pH testing up to 5 times consecutively. 
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III-2-8. Safety evaluation for SSP using as feed additive or disinfectant in litter for bedding

 SSP was further tested whether it has possibility for using as feed additive or disinfectant 

in litter for bedding during chicks raising or not. This evaluation was carried out using forty-two 

6-day-old conventional white leghorn chicks. These chicks were purchased from Kanto Co., Ltd. 

(Gunma, Japan). The chicks were allotted equally into 7 groups placed in cages sized 236  420  

199 mm, while 30 g per cage of wood chip was spent as litter.   

 Group 1: control, fed by normal feed and water, Group 2:  SSP 0.02% in feed and NaOCl 

50 ppm in water, Group 3: SSP 0.1% in feed, Group 4: SSP 1 % in feed, Group 5: CaO 2.5% in 

feed, Group 6: SSP: 100 g in litter and Group 7: SSP 300 g in litter. All chicks, including the 

control group, were kept in isolators for 6 days, which were ventilated under negative pressure 

with high efficiency particular air (HEPA), fed ad libitum by non-antibiotics commercial chick 

feed (Kumiai Shiryo Co., Ltd., Tokyo, Japan), and had tap water freely access. Body weight was 

observed at beginning and ending of experiment period. 

 

III-2-9. Statistical analysis 

 SPSS software (IBM corporation) was applied for statistical analysis. The obtained body 

weight was analyzed by analysis of variance (ANOVA) using Tukey HSD, where applicable. 

 

III-3. Results  

Virucidal efficacies of both powders were measured by 3 min of incubation period. They 

inactivated LPAIV H7N1 to the undetectable level with RF>5.5. These values were determined 

as the initial efficacy and compared with the consecutive harsh condition testing under the 

sunlight, as well as the wet and dry conditions.   
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III-3-1. Efficacy of SSP and SL stored under the sunlight 

The collected samples after stored under the sunlight showed that SSP kept the virucidal 

efficacy (RF≥3) under the sunlight for 7 weeks (at least), when the samples were evaluated using 

LPAIV H7N1 by 3 min, while SL could maintain the efficacy up to three weeks (Table 3-1). 

When the collected samples of SL were incubated with AIV for 20 h, they showed RF>3 

throughout the experimental period (Table 3-1). 

 

III-3-2. Efficacy of SSP and SL stored under the wet and dry conditions 

 After stored under the wet and dry conditions, the collected samples from the dish 

containing SSP showed virucidal efficacy (RF>3) with 3 min incubation until sixth resuspension, 

whereas the samples from the dish containing SL lost their virucidal efficacy since fourth 

resuspension (Table 3-2). However, both could exhibit high efficacy until end of the experiment, 

if the incubation period was extended up to 20 h. 

The pH examination manifests the dynamic changing of pH consequent to the sunlight 

impact or refilling by water. The pH of SSP was 13, whilst pH of SL was 12.5 at initial 

resuspension. SSP could maintain its pH till third resuspension, then decreased to be 12.5 at 

fourth and fifth. Finally, its pH decreased gradually down to 10. SL maintained its pH throughout 

five resuspensions, then decreased gradually down to 10 (Fig. 3-1). 

 

III-3-3. pH buffering property of SSP and SL 

 The pH neutralizing testing disclosed that high (1 M) and low (0.1 M) concentration of 

Tris-HCl (pH 7.2) had less effect on the pH of SSP. Both concentrations could reduce its pH 

down to 12.5 and maintain it for 5 washing times. Meanwhile, pH of SL was not affected by 
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0.1M of Tris-HCl. However, 1M of Tris-HCl could reduce SL pH at 4 and 5 washing times, 

down to 12 and 10.5, respectively (Table 3-3). 

 

III-3-4. Efficacy of SSP and CaO-Nano solutions 

CaO-Nano solution inactivated AIV within 5 sec to undetectable level, and this ability 

was not affected by the presence of organic materials (Table 3-4). When CaO-Nano solution was 

neutralized with 1 M Tris-HCl (pH 7.2) before adding AIV (at 0 sec), AIV was not inactivated. 

SSP solution at 10% (pH 12.3) could not inactivate AIV even after 1 h incubation (data not 

shown). NDV and GPV were also inactivated by CaO-Nano solution within 5 sec and 30 sec, 

respectively. Both the presence or absence of organic materials, CaO-Nano was effective against 

NDV and GPV (RF>3), however, these viruses were not inactivated completely even after 60 sec 

incubation (Table 3-4). 

 

III-3-5. Safety of SSP using as feed additive or disinfectant in litter for bedding 

 Initial body weight of all groups of chicks were not significantly different (P>0.05). 

When average daily gain (ADG) was calculated, no significant difference between control, 

0.02 %  of SSP in feed with 50 ppm of NaOCl in water, 0.1 and 1% of SSP in feed (P>0.05). 

While significant difference was found in groups of 2.5% of SSP in feed, 100 and 300 g of SSP 

in litter when compared with control group (P<0.05) (Table 3–5). 

 

III-4. Discussion 

HPAI is a very important disease affecting the poultry production system, usually caused 

by H5 and H7 subtypes. This disease spreads widely across the Eastern Hemisphere and still 
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occurs continuously in many countries. It is very important to control this disease, because it 

affects directly, to a considerable degree, the production yield, and also human health, while there 

is still concern that a HPAI virus might turn into a pandemic strain. Influenza virus is an 

enveloped RNA virus belonging to the family of Orthomyxoviridae [97]. The survival of AIV is 

affected by different physico-chemical factors such as temperature, pH, UV, detergent and 

salinity [11, 66, 88]. This virus can survive long period in the environment, especially in water 

[10, 71] and has prolonged viability under uttermost low temperature [90]. This virus is stable at 

a slightly basic pH (7.4–8.2) [11]. It is considered to be sensitive to acidic or basic pH value [29, 

66, 80, 87, 88, 108]. In the present study, the high basic pH of SSP and SL was found sufficient 

to inactivate a LPAI H7 virus. 

In this experiment, environmental simulation was carried out, aiming to emulate the 

natural condition for testing the efficacy of ceramics, and conclude whether SSP and SL can be 

applied in routine field work or not. The sunlight provides hot, ultraviolet and dry conditions for 

testing. Whilst wet and dry conditions imitate the soaking by rain and dryness naturally in the 

field, through evaluating their impact by AIV inactivation.  

At 3 min of contact time, SL could not show its virucidal efficacy after 3 weeks when 

kept only under the sunlight. On the contrary, SSP could maintain its efficacy throughout the 

experimental period. However, the efficacy of SL was still sufficient if it was evaluated by 

incubation of 20 h. 

The exposure to water and dryness under the sunlight continuously reduced the efficacy 

of SSP and SL to inactivate AIV if contact with the virus took place for a short period as 3 min. 

SL lost its efficacy faster than SSP, because the catalytic sequence of calcium oxide (CaO) is 

changed from CaO to calcium hydroxide (Ca(OH)2) and finally to calcium carbonate (CaCO3) 
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[51], whereas the composition of SL is Ca(OH)2. However, their efficacy is yet adequate within 

long exposure time. 

The obtained results from harsh condition testing illustrated that the efficacy of SSP and 

SL could be stable and last long enough to inactivate AIV even if they were kept under the 

sunlight for several weeks or many repeated resuspensions, provided that long contact period of 

20 h took place. The powders still express inactivation activity against AIV through high pH, 

which could not be reduced rapidly by soaking in water and dryness under the sunlight. The 

efficacy of SL was affected by harsh environment more than SSP, determined by short contact 

period. However, both powders still maintain good efficacy if there is extension of the period to 

20 h. Furthermore, SSP resists pH neutralization by resuspension more than SL, as demonstrated 

by washing with 1M Tris-HCl (pH 7.2) in the present experiment.    

The high pH 13.1 of CaO-Nano solution seemed to be one of the main virus-inactivating 

mechanisms, because the ability of the solution was diminished after neutralization of pH with 1 

M Tris-HCl (pH 7.2). To inactivate AIV, high pH − namely more than 12 − was required [125]. 

In water, CaO is converted to Ca(OH)2, which is sparsely soluble in water at 0.15% [8]. In 

nanoparticle, CaO-Nano may have more solubility in water than SSP, and that solubility makes 

the pH as high as pH 13.1. This also gave excellent results on NDV and GPV, which were also 

inactivated. 

SSP slurry (0.2% w/v) has been shown to possess bacteria- inactivation ability [86]. For 

enhancement biosecurity in farms, slaked lime has been used in Japan as a “trapping” 

disinfection material. The results had been shown the efficacy of alternative materials, such as 

bioceramics derived from chicken feces [103] and scallop shell powder [106], but these materials 

are powder type. SSP has been shown to have advantage over slaked lime, because of its lasting 
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softness under field conditions [106]. SSP and CaO-Nano are derived from the same material, 

namely scallop shell, but the differences of their particle diameter brought about different 

solubility in water and different pH (SSP: pH 12.3 and CaO-Nano: pH 13.1). Here, CaO-Nano 

that can be used in liquid form has been shown as another candidate material for the enhancement 

of biosecurity in farms. CaO-Nano also has the excellent merit that can keep the virus-

inactivating ability even in the presence of organic materials. To combat against pathogens, thick 

protective barrier with different forms of “trapping” disinfection materials is necessary. 

The present study suggests that SSP has excellent efficacy to inactivate AIV even under 

harsh conditions by short contact time. SSP can be used as preferred material for controlling virus 

spread and applied in the animal farms for enhancing the bio-security system, better than the 

conventional materials, such as SL. However, although SSP and CaO-Nano revealed satisfactory 

results to in activate important poultry viruses, determining for using these material should be 

beware regarding to results obtained from safety experiment for using as feed additive or 

disinfectant in litter. SSP can be used 1% or less than in chick feed. Using as disinfectant powder 

in litter revealed interference with growth performance. 
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Table 3-1. Efficacy of SSP and SL to inactivate LPAIV at consecutive weeks kept under the 

sunlight at 3 min and 20 h of incubation period (Mean±SD). 

 

 
 

Powders 

 

Periods 

Virus titer (log10TCID50/ml) 

3 min  20 h 

Treated Control RF  Treated Control RF 

SSP 0 week 2.50±0.00 8.42±0.52 5.92±0.52  NT NT NT 

 1 week 2.50±0.00 8.33±0.52 5.83±0.52  NT NT NT 

 3 weeks 2.50±0.00 8.00±0.25 5.50±0.25  NT NT NT 

 5 weeks 2.58±0.14 7.83±0.52 5.25±0.5  NT NT NT 

 7 weeks 3.92±1.66 7.58±0.29 3.67±1.63  NT NT NT 

SL 0 week 2.50±0.00 8.42±0.52 5.92±0.52  NT NT NT 

 1 week 2.50±0.00 8.42±0.38 5.92±0.38  NT NT NT 

 3 weeks 2.58±0.14 7.92±0.14 5.33±0.14  NT NT NT 

 5 weeks 4.83±2.08 7.58±0.38 2.75±2.46
a
  2.75±0.43 8.08±0.58 5.33±0.88 

 7 weeks 6.50±0.66 7.50±0.25 1.00±0.50
a
  3.25±1.3 8.17±0.52 4.92±1.7 

 

SSP  = Scallop shell powder 

SL = Slaked lime 

NT = Not tested 

RF = Reduction factor 

a
 Reduction efficacy lower than 3 (RF<3). 
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Table 3-2. Efficacy of SSP and SL to inactivate LPAIV under the wet and dry conditions at 

consecutive resuspension times with 3 min and 20 h of incubation period (Mean±SD). 

 

 

 

Powders 

 

Times 

of  

resuspend 

Virus titer (log10TCID50/ml) 

3 min  20 h 

Treated Control RF  Treated Control RF 

SSP 0 2.50±0.00 8.42±0.52 5.92±0.52  NT NT NT 

 1 2.50±0.00 7.75±0.25 5.25±0.25  NT NT NT 

 2 2.50±0.00 7.75±0.25 5.25±0.25  NT NT NT 

 3 3.25±1.30 7.75±0.25 4.50±1.09  NT NT NT 

 4 4.25±1.52 7.75±0.25 3.50±1.52  2.50±0.00 8.25±0.25 5.75±0.25 

 5 4.50±1.80 8.00±0.25 3.50±2.05  3.92±0.52 8.25±0.25 4.33±0.52 

 6 5.08±0.14 8.33±0.63 3.25±0.75  3.67±0.88 8.00±0.50 4.33±0.38 

 7 6.25±0.25 8.17±0.38 1.92±0.14
a
  4.17±1.13 7.75±0.9 3.58±0.76 

SL 0 2.50±0.00 8.42±0.52 5.92±0.52  NT NT NT 

 1 3.00±0.87 7.75±0.25 4.75±0.66  NT NT NT 

 2 3.67±1.26 7.58±0.14 3.92±1.38  NT NT NT 

 3 4.67±1.89 7.75±0.25 3.08±1.88  NT NT NT 

 4 5.08±1.42 7.75±0.25 2.67±1.22
a
  2.50±0.00 8.25±0.25 5.75±0.25 

 5 NT NT NT  4.33±0.29 8.25±0.25 3.92±0.52 

 6 NT NT NT  3.33±0.72 8.00±0.50 4.67±0.38 

 7 NT NT NT  3.75±1.15 7.75±0.90 4.00±0.25 

 

SSP  = Scallop shell powder; SL = Slaked lime 

NT = Not tested; RF = Reduction factor 

a
 Reduction efficacy lower than 3 (RF<3). 
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Table 3-3. The pH buffering property of SSP and SL, neutralized by 1 M and 0.1 M Tris-HCl (pH 

7.2).    

 

 

Washing 

times 

pH after treated by Tris-HCl 

SSP  SL 

1 M 0.1 M  1 M 0.1 M 

0 13.0 13.0  12.5 12.5 

1 12.5 12.5  12.5 12.5 

2 12.5 12.5  12.5 12.5 

3 12.5 12.5  12.5 12.5 

4 12.5 12.5  12.0 12.5 

5 12.5 12.5  10.5 12.5 

 

SSP = Scallop shell powder 

SL = Slaked lime 

pH was evaluated by pH paper test. 
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Table 3-4. Inactivation of viruses with CaO-Nano solution 

 

 

Virus 

 

FBS
a)

 

 

Control
b)

 

 Titer of treated virus at incubation period (sec) 
c)

 

0
d)

 5 15 30 60 

AIV + 7.50 7.50 3.75 <3.50 <3.50 <3.50 

 - 7.50 7.50 <3.50 <3.50 <3.50 <3.50 

NDV + 9.00 9.00 5.00 4.75 4.50 4.25 

 - 9.00 9.00 4.50 4.50 4.50 <3.50 

GPV + 8.00 8.00 NT
e)

 NT NT 3.75 

 - 8.00 8.00 7.00 5.75 4.25 <3.50 

 

a)
 Fetal bovine serum (FBS: final concentration in the reaction micro-tube was 20%) was added   

   to viruses before mix with CaO-Nano solution (+), not added (–).  

b)
 the titer converted into an index in log10 of the positive control. 

c)
 the titer converted into an index in log10 of the recovered virus from the CaO-Nano-treated   

   tube.  

d)
 CaO-Nano solution was neutralized with 1 M Tris-HCl (pH 7.2) before add viruses. 

e)
 NT: Not tested 
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Table 3-5. Body weight of chicks in safety evaluation for SSP (Mean±SD). 

 

Groups Chick weights (g) 

Initial Final ADG 

Control 81.93±3.38 142.35±4.84cd 10.07±0.31c 

0.02 % SSP in feed + NaOCl 50 ppm in 

water 

85.28±4.39 147.08±8.07d 10.30±0.70c 

0.1% SSP in feed 81.52±6.00 140.38±10.36cd 9.81±0.99c 

1 % SSP in feed 81.18±4.90 132.75±8.56bcd 8.60±0.91bc 

2.5 % SSP in feed 79.67±2.71 121.63±13.04ab 7.00±1.88b 

100 g SSP in litter 83.97±4.17 131.93±5.52bc 8.00±0.43b 

300 g SSP in litter 78.72±2.99 107.48±3.84a 4.80±0.73a 

 

ADG = Average dairy gain 

a,b,c,d
 Significant difference between groups within column by difference superscript analyzed by 

ANOVA using Tukey HSD. 
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Fig. 3-1. The pH of SSP (scallop shell powder) and SL (slaked lime) after resuspension with tap 

water and drying under the sunlight. The pH of SSP was 13, whilst pH of SL was 12.5 at initial 

resuspension. The pH of SSP was retained until third resuspension, then decreased to be 12.5 at 

fourth and fifth. Finally, its pH decreased gradually down to 10. The pH of SL was retained 

throughout five resuspensions, before it decreased gradually down to 10. 
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“Efficacy of Bioceramic Derived from Chicken Feces” 

 

 

 

 

 

 

 

 

 

 

 



47 

 

IV-1. Background 

In the previous chapters, two candidate materials, scallop shell powder (SSP) and 

bioceramic powder derived from chicken feces (BCX) at pH 13.0, were found to be good for 

enhancement of the bio-security system at farms. In chapter 3, the efficacies of SSP solution and 

CaO-Nano solution were evaluated as possibilities to use as disinfectants for animal farms. 

Although, SSP has an excellent efficacy to inactivate avian influenza virus (AIV), Newcastle 

disease virus (NDV) and goose parvovirus (GPV), interfering effect on growth performance of 

chicks was found when SSP was applied in litter during chick raising (Table 3-5 in chapter 2). 

Hence, in the present study, BCX, one of the candidate materials was investigated its efficacy to 

inactivate poultry disease pathogens, stability under the simulated harsh environmental condition 

and application during chick raising as well as in the field using. 

 

IV-2. Efficacy of BCX on poultry viruses and its stability in environment 

IV-2-1. Materials and methods 

IV-2-1-1. Virus 

Five viral strains were involved in this study including NDV Sato strain (NDV-Sato) [99], 

NDV Ishii strain (NDV-Ishii), GPV IHC strain  [100], infectious bursal disease virus (IBDV) 

D78 strain  (Intervet Co., Ltd., Tokyo, Japan) and low pathogenic AIV (LPAIV) H7N1 

(A/duck/Aomori/395/04) [43]. NDV-Sato, NDV-Ishii and AIV were propagated in 10-day-old 

embryonated chicken eggs. GPV was propagated in Muscovy duck embryo fibroblasts (MDEF), 

prepared from 14-day-old embryonated Muscovy duck eggs. Harvested allantoic fluids and 

supernatant of MDEF culturing medium containing these viruses were stored at -80
o
C until 

further testing. 



48 

 

IV-2-1-2. Bioceramic powder 

Bioceramic powder derived from chicken feces (BCX) at pH 13, prepared by sintering 

process was provided by NMG Environmental Development Co., Ltd. (Tokyo, Japan). 

 

IV-2-1-3. Cell culture 

Madin-Darby canine kidney (MDCK) cell was employed in efficacy evaluation of BCX 

on AIV. Chicken embryo fibroblasts (CEF) were used for both strain of NDV and IBDV 

culturing in evaluation system. GPV was tested using MDEF. All cells were cultured in growth 

medium (GM) as described in Chapter 2. 

 

IV-2-1-4. Virus inactivation efficacy testing 

The virucidal efficacy test was carried out by incubating the powder of 200 mg with 100 

µl of viruses at room temperature for 1 h. After that, the virus was recovered with maintenance 

medium 900 µl (MM, GM as mentioned above, without FBS), as described in Chapter 2. 

Virus titers were calculated as 50% tissue culture infectious dose (TCID50)/ml, according 

to Behrens-Kärber’s method [64]. Viral inactivation efficacy was determined using reduction 

factor (RF) as described in Chapter 2. The experiment was carried out 3 times for obtaining the 

average result of the viral titer. 

 

IV-2-1-5. Efficacy of BCX stored under the sunlight 

Three gram of BCX was measured in a 90 mm petri dish for 3 dishes. All dishes were 

kept under the sunlight for several weeks. Sampling was carried out every 2 consecutive week till 

7 weeks from each dish separately. The collected samples were stored away from light at room 
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temperature until testing. One hundred mg of samples were measured their virucidal efficacies 

with AIV of 50 µl by incubating at room temperature for 1 h. After reached incubation period, 

virus was recovered by adding 450 µl of MM, and then forwarded as mentioned above from each 

dish for calculating average of viral titers. 

 

IV-2-1-6. Efficacy of BCX stored under the wet and dry 

Three grams of BCX was prepared as similar as under the sunlight evaluation. The dishes 

subjected for making suspension by 10 ml of tap water. This water was stored in the opened 

container at room temperature at least 1 day before using, for eliminated chlorine which may 

remain in the tap water. After resuspension, pH was measured by pH paper testing. The dish was 

dried under the sunlight, then resuspended and dried repeatedly till 9 resuspension times. 

Samples were taken from the dishes after the confirmation of drying of BCX at each wet-dry 

cycle. The collected samples were stored and measured their virucidal efficacies as described 

under the sunlight experiment. 

 

IV-2-1-7. Statistical analysis 

The obtained results are expressed as means±SD. The effects of treatments were 

evaluated for statistical significance by the analysis of variance (ANOVA) with using Duncan ’s 

multiple range test by the use of program R [83]. The difference between parameters was 

regarded as significant when the P-value was less than 0.05. 
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IV-2-2. Results 

IV-2-2-1. Virus inactivation by BCX 

Viral inactivation using BCX was carried out with various poultry disease viruses. The 

incubation period was 1 h at room temperature. After recovering the viruses with MM, the 

viruses were titrated on susceptible cells, aimed for determining the remaining viable viruses. 

The result showed that during 1 h of the incubation period, all the viruses were inactivated down 

to undetectable level (2.5 log10TCID50/ml). Testing with candidate viruses in this study illustrates 

RF higher than 4, which indicated that reduction of the treated viruses were more than 99.99 % 

(Table 4-1). 

 

IV-2-2-2. Efficacy of BCX stored under the sunlight on AIV 

The samples stored under the sunlight were collected at 1, 3, 5 and 7 weeks post-exposure 

and their virucidal efficacies were evaluated by incubation with AIV for 1 h at room temperature. 

The intact virus control of each test was statistically compared for confirming whether or not 

there were some differences between each test, due to this value affected to RF, especially in case 

of low recovery virus titer of the treated virus as minimum detection limit. The titer of the virus 

control in all tests fell in range between 8.25±0.25 to 8.42±0.38 log10TCID50/ml. These values 

were high enough for testing and had no significant difference between all tests. The results 

showed that the collected BCX at 1 week exposure to the sunlight could maintain RF more than 5 

(Fig. 4-1). RF maintained higher than 3 through the experimental period, which fell in range of 

3.33±0.71 to 3.92±0.35, without statistically difference (Fig. 4-1). 
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IV-2-2-3. Efficacy of BCX stored under the wet and dry on AIV 

Evaluation with simulated condition under wet environment using tap water (as described 

in II-2-4-2) and dried completely under the sunlight was conducted until 9 resuspension times. 

Sampling and testing were carried out every 2 consecutive resuspension times. The titer of intact 

virus control fell in range of 8.25±0.25 to 8.33±0.29 log10TCID50/ml, and non-significant 

difference were observed between these titers. RF values fell in range of 4.58±0.58 to 5.25±0.43, 

and no significant difference was observed between the BCX samples collected at each 

resuspension (Fig. 4-2).  

During every resuspension times, pH of the collected sample supernatant at the first 

resuspension was 13, and then the pH of the supernatants decreased down to 12.5 at 2-4 

resuspension times. The pH decreased steeply to be 11.5 and 11 at 5 and 6 resuspension times 

respectively, and maintained this value till 9 times (Fig. 4-3). 

 

IV-2-3. Discussion 

Bioceramic derived from chicken feces is the novel material invented in Japan. It was 

produced with a purpose of using in livestock farms for controlling animal diseases. Firstly this 

material provided at pH 10.6 had been evaluated its efficacy to inactivate viruses using poultry 

disease viruses as AIV and avian adenovirus, and displayed good efficacy by long incubation 

period as 20 h [103]. In the present study, important poultry disease viruses, including RNA and 

DNA viruses were applied for testing efficacy of BCX at pH 13.0. 

NDV is a single strand enveloped RNA virus [4]. It is a very important pathogen for 

domestic poultry and many other avian species. Newcastle disease (ND) is endemic in many 

countries in Asia, Africa and South America. The experiment was carried out with velogenic and 
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lentogenic NDV, namely strains Sato and Ishii, respectively [79]. Both strains were inactivated 

completely during 1 h of incubation period, indicated that the virucidal efficacy of BCX could be 

active without being affected with of strain difference. 

IBDV is a disease pathogen which affects to immune system of chickens, especially in 

young chicken, found spreading through many areas in the world [9, 40]. This double stranded 

non-enveloped RNA virus [9] destroys bursa of Fabricious, a primary lymphoid organ, and 

causes lymphoid depletion of the bursa. In the present experiment, intermediate vaccine strain, 

IBDV-D78 was used as a surrogate strain, because it grows well in CEF [117]. Similar to NDV, 

this virus was found to be inactivated down to undetectable level (2.5 log10TCID50/ml) when 

treated with BCX.     

GPV is a non-enveloped single-stranded DNA virus. It can cause a highly contagious 

disease, goose parvovirus infection, infecting geese and Muscovy ducks with high mortality rate 

[44, 100, 101, 109]. The virus is stable at room temperature over 10 months, and cannot be 

inactivated at 70
o
C for 2 h. It is tolerant to many kinds of disinfectants [102]. This virus resists to 

physical inactivation, thus it was applied in the experiment aiming to evaluate inactivation 

efficacy of BCX on a physico-chemical resistant DNA virus. The obtained results revealed 

similar results with NDV and IBDV despite the vast difference in genetic as RNA and DNA. 

During 1 h of incubation period, GPV was inactivated down to minimum detection limit as 

similar as RNA viruses. This indicates that BCX at pH 13.0 has virucidal activity even on 

physico-chemical resistant viruses. 

AIV is crucial, spreading in many places around the world. It is an enveloped RNA virus 

[19, 97].  It is considered to be sensitive to acid or basic pH values [66, 80, 88, 108], and last in 

the environment. Thus it was desired as a representative for testing under harsh environment test. 



53 

 

Natural environmental condition was simulated as sunlight and water soaking for several weeks 

or resuspension times. The fresh BCX was evaluated first, and gave high RF as 6.08±0.14. One 

week exposure to the sunlight affected to the virucidal efficacy of BCX to decrease RF 

significantly compared with before exposure (Fig. 4-1). However RF was still higher than 3 

(RF=3, 99.9% reduction), and maintained until the end of the experiment. On the other hand, 

harsh condition as the wet and dried with the sunlight had less effect on its efficacy, illustrated by 

high RF with non-significant difference throughout experimental period, even pH declined down 

to 11.     

 

IV-3. Fecal-oral transmission inhibition of virus using BCX  

IV-3-1. Materials and methods 

IV-3-1-1. Animal 

Animal handling was performed in strict accordance with Animal Care guidelines of 

Tokyo University of Agriculture and Technology (Tokyo, Japan), with permit numbers 25-37 and 

26-45. Two types of chicks were employed for different purposes, including specific pathogens 

free (SPF) and conventional male white leghorn chicks. The SPF chicks were purchased from 

Nisseiken Co., Ltd., (Tokyo, Japan). Alongside, twenty four conventional chicks were purchased 

from Kanto Co., Ltd. (Gunma, Japan) for safety test of BCX.   

 Raising chicks was done in experimental rat cages, sized 236  420  199 mm, while 30 g 

per cage of wood chip was spent as litter. All chicks were kept in isolators which were ventilated 

under negative pressure with high efficiency particular air (HEPA) filter, fed ad libitum by non-

antibiotics commercial chick feed (Kumiai Shiryo Co., Ltd., Tokyo, Japan), and had tap water 

freely access. 
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IV-3-1-2. Cell culture  

Chicken embryo fibroblasts (CEF) were prepared from 9-11 day-old embryonated eggs as 

described previously [99]. CEF were subjected to titration of IBDV during in vitro evaluation of 

virucidal effect of BCX, and virus neutralization (VN) test. For CEF culturing, Eagle’s minimum 

essential medium (EMEM; Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) was used, as 

previously described. 

 

IV-3-1-3. Virus 

IBDV vaccine strain D78 (Intervet Co., Ltd., Tokyo, Japan) was used for in vitro 

evaluation for virucidal effect, virus challenging of chicks, as well as VN test. 

 

IV-3-1-4. Ceramic powder  

The bioceramic powder, BCX of pH 13, derived from chicken feces and prepared by 

sintering process, was provided by NMG Environmental Development Co., Ltd. (Tokyo, Japan). 

 

IV-3-1-5. Plaque assay 

 Plaque assay was used for virus titration and VN test. Briefly, the virus was diluted with 

MM in serial 10 fold dilution, then inoculated onto CEF, as 2 dishes per dilution. The first 

overlay agar medium (MM containing 8 mg/ml of Bacto agar, supplemented with 1% FBS) was 

laid after virus absorption for 1 h. The second overlay medium (MM without FBS, containing 8 

mg/ml of Bacto agar supplemented with 2.1 mg/ml of NaHCO3, 0.005% neutral red) was laid at 5 

days post-inoculation (dpi), and then the plaques were counted at 6 dpi. The titer was calculated 

as plaque forming units (PFU) /ml. 
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IV-3-1-6. Virus neutralization test  

Sera separated from blood samples were subjected to VN test. Briefly, the serum was 

diluted in serially 4 fold, mixed with equal volumes of IBDV D78 of 50 PFU/100 µl, and 

incubated at 37
o
C for 1 h. Then, the mixture of 200 µl was inoculated onto CEF to titrate the 

remaining infectious virus by plaque assay. The VN titer was calculated by 50% plaque reduction 

according Behrens-Kärber’s method [64]. 

 

IV-3-1-7. Reverse transcription polymerase chain reaction (RT-PCR) 

Total RNA was extracted using Agilent RNA Isolation Mini Kit (Agilent Technologies, 

Inc., DE, USA), according to the manufacturer’s instructions. Briefly, 20 mg of bursa of 

Fabricius (BF) tissue was homogenized with lysis buffer. Excess lysate was filtrated by column 

in the kit. Recovered solution was subjected to sedimentation with 70% ethanol. After that, RNA 

was trapped by filtrate column, eluted by distilled water. One step RT-PCR (Takara Bio Inc., 

Shiga, Japan) was carried out as indicated in the leaflet’s protocol. Forward and Reverse primer 

obtained according to recommendation by OIE [112], composed of primer IBDV upper U3VP2F: 

GGT ATG TGA GGC TTG GTG AC and IBDV lower L3VP2R: GAT CCT GTT GCC ACT 

CTT TC. These primers were aligned compared with VP2 sequence of IBDV obtained from 

GenBank, accession number E12060, revealed flanking between 526 – 1,082 nt of the reference 

sequence, and 556 bp of PCR product was expected. The primers were mixed with RNA template, 

cocktail of enzymes, buffer and distilled water, for making master mixture, then subjected to RT-

PCR. Temperatures during reverse transcription step were 50
o
C for 30 min, followed by 94

o
C for 

2 min. The PCR was performed as follows:  94
o
C 30 sec, 65

o
C 30 sec and 72

o
C 1 min. The PCR 

was done for 30 cycles. Finally, 1% agarose gel was applied for gel electrophoresis. 
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IV-3-1-8. Experimental designs  

IV-3-1-8-1. Evaluation for virucidal effect of BCX 

Previously, we demonstrated that if the virus liquid was not adsorbed completely in BCX, 

BCX could not inactivate the virus completely [103]. So the ratio of the amount of the powder 

and the volume of the virus liquid is important for inactivating the virus. To evaluate the 

virucidal effect of BCX, a quantity of 200 mg was mixed with IBDV 100 µl, then incubated at 

room temperature for 3 min or 1 hr. After each incubation period, the virus was recovered by 

adding 900 µl of MM, followed by vigorous vortex, and centrifuged at 18,000  g for 3 min. The 

recovered virus was titrated on CEF by plaque assay described above. The virus titer was 

calculated and compared between treated and intact control virus. Triplication was carried out for 

both incubation periods. Viral inactivation efficacy was determined using reduction factor (RF) 

as described in Chapter 2. 

  

IV-3-1-8-2. Evaluation of the concentrations-depending virucidal effect of BCX in chicken feces

 BCX was evaluated for its virucidal effect in chicken feces with various concentrations of 

mixture. Dried chicken feces were collected from unvaccinated adult chickens. These chickens 

were kept in isolator ventilated with HEPA filter more than 6 months. Then the feces were 

ground and stocked at room temperature until testing. Mixtures of BCX were added to the ground 

chicken feces to prepare 5, 10, 20, 30, 40 and 50% w/w BCX. After that, 100 μl of IBDV was 

added to 200 mg of the mixture, and then incubated at room temperature for 1 hr. The virus was 

recovered by 900 μl of PBS and underwent serial 10 fold dilution using PBS. Finally, plaque 

assay according to the above mentioned protocol was carried out for measuring reduction 

efficacy. 
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IV-3-1-8-3. Evaluation of virucidal stability of BCX in litter for bedding 

 Virucidal efficacy of BCX was examined in terms of whether it can prolong and be 

applied in litter for bedding or not. The experiment was designed so as to use 12 one day-old 

conventional chicks which randomly allotted into 2 groups equally. Three hundred gram of BCX 

was applied to 30 g of litter, then subjected for using as bedding material in both groups. To the 

first group, 30 g of BCX was scattered and mixed elaborately daily. To the second group, no 

additional BCX was scattered. Litter sampling was carried out daily till 7 days at 5 areas in each 

cage, namely, 4 corners and center of the cages. The samples were pooled in each day from each 

cage. The pooled samples were evaluated for their pH by making 20% w/w with dW2. After that, 

the suspension was vortexed vigorously and centrifuged 340  g for 5 min; finally, pH paper was 

applied to supernatant to determine the pH. 

Plaque assay was conducted with pooled collected bedding according to the mentioned 

protocol, using 200 mg of samples incubated with 100 μl of IBDV for 1 h. 

 

IV-3-1-8-4. Chick growth test for feed additive safety of BCX 

 The possibility of proposing BCX as feed additive was evaluated using 2 different 

beginning ages of conventional chicks, according to protocol of Ministry of Agriculture, Forestry 

and Fisheries (MAFF) of Japan as described [103]. Two lots of conventional chicks, 6 and 8 days 

old were used for testing, while 12 chicks of each lot were allotted into 2 cages equally. One was 

nurtured using 1% BCX mixed feed, whereas the other cage was kept as control, which was 

supplied by normal feed. The body weight gain was observed at 6th day after starting date. 
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IV-3-1-8-5. Evaluation of virucidal efficacy in contaminated feces 

 Three 5-day-old SPF chicks were vaccinated with IBDV strain D78 at 4 doses orally and 

kept together with another group of 3 non-vaccinated for 8 days. The vaccinated and non-

vaccinated chicks were sacrificed to check the IBDV infection at 8 dpi. The litter with feces that 

would contain infectious IBDV in the cage of 300 g was mixed well and divided into 2 new cages. 

One cage was added with BCX 300 g and the litter mixture was mixed well with BCX. The other 

cage was used as a control, without addition of BCX.  After incubation for 8 h at room 

temperature, new six 6-day-old SPF chicks were introduced into each cage, and kept for 8 days. 

Feed was supplied with 1% BCX in the BCX treatment cage, while normal feed was given to the 

control cage. 

At 8 days post-introduction of new chicks, body weight gain was observed. Blood was 

taken for VN test. All chicks were sacrificed for BF sampling and calculating bursa index (B: 

BW) as the weight of BF (g) / weight of chicken (g) × 1000 [59]. Bursa samples were kept in        

– 80
o
C until further RT-PCR testing (Fig. 4-4). 

Specific antibody titer against IBDV of SPF chicks was examined in order to find out 

antibody level of non-infected chicks. Serum samples were obtained from five 5-6 day-old extra 

chicks from different lot. VN test was conducted to evaluate serum neutralizing titer against 

IBDV. 

 

IV-3-1-8-6. Evaluation of horizontal transmission inhibition of IBDV   

 The ability of BCX to inactivate IBDV within flock during raising chicks was measured. 

Eighteen 6-day-old SPF chicks were assigned randomly into 3 groups: Cage 1: BCX 300 g mixed 

with litter 30 g, scatter and re-mixed with BCX 30 g daily; Cage 2: BCX 300 g mixed with litter 
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30 g without more scattering; Cage 3: control, intact litter was spent in this group. IBDV strain 

D78 was inoculated orally with 4 doses to 3 chicks of each cage at 6-day-old. Then, all 

vaccinated were kept in each cage placed in an isolator for 6 h before introducing 3 unvaccinated 

chicks as sentinels. Blood and BF were collected at 8 dpi for VN test and RT-PCR, respectively. 

The in vivo experiments were performed in triplicate (Fig. 4-5). 

 

IV-3-1-9. Statistical analysis 

SPSS software (IBM corporation) was applied for statistical analysis. The obtained body 

weight was analyzed by independent Student’s t-test and analysis of variance (ANOVA) with 

using Duncan’s multiple range test, where applicable. The transmission rate analysis was tested 

by 
2
. The difference between parameters was regarded as significant when the P-value was less 

than 0.05. 

 

IV-3-2. Results 

IV-3-2-1. Virucidal efficacy of BCX  

To evaluate whether BCX has virucidal effect against IBDV or not, BCX was tested in 

vitro, and illustrated that BCX had efficacy to inactivate IBDV. The titers of the control virus in 

log10PFU/ml were 6.64±0.1 and 6.57±0.09 at 3 min and 1 h of incubation period, respectively. 

The viral titers were reduced down to 2.7±0.00 log10PFU/ml or less at 3 min and 1 h, when 

treated with BCX. When the RF was calculated, it was revealed that BCX could reduce viral titer 

by more than 3 log, which is the acceptable level, within 3 min (Table 4-2). 
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IV-3-2-2. Concentrations-depending virucidal effect of BCX in chicken feces 

When BCX was mixed with chicken feces in 50% concentration, it could still inactivate 

IBDV within 1 h, by 3 log reduction of virus titers. Alongside, 40 and 30 % could reduce viral 

titer more than 100 times, as revealed by 2.45 and 2.3 of RF values, respectively, which mean 

reduction efficacy of more than 100 times but less than 1000 times. In the other lower 

concentrations, BCX could not inactivate the virus by 1 h of incubation period. 

 

IV-3-2-3. Virucidal stability of BCX in litter for bedding 

 The BCX samples collected from both of the BCX treated cages, scattered every day and 

only once at beginning of the experiment, illustrated high pH throughout experimental period. 

Their pH slightly reduced to 12.5 at the first day, then was maintained at this level for 7 days. 

The further testing for their virucidal property revealed that all pooled BCX samples from both 

cages could reduce viral titers down to undetectable levels, with RF more than 3.57 by 1 h of 

incubation period. 

 

IV-3-2-4. Effect of 1% BCX in feed on growth performance of chicks 

 In feed additive safety test, initial body weights were compared between BCX added and 

intact feed group. There were no significant differences in both starting age groups, so uniformity 

between tested groups could be drawn. The final body weights were further evaluated and 

showed no significant difference in both starting ages of tested chicks when compared with each 

control. The growth rates were displayed in terms of average daily gain (ADG), which is the 

important value that could demonstrate whether the effect on growth performance of BCX took 
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place or not. The results reveal no difference when compared with control of each tested starting 

age (Table 4-3). 

 

IV-3-2-5. Neutralizing antibody titer against IBDV of non-infected SPF chicks 

 An average neutralizing antibody titer against IBDV obtained from 5 SPF chicks was 

9.23±4.95. This level would be used as the base line for determining the antibody response of 

infected chicks. 

  

IV-3-2-6. Virucidal efficacy of BCX in contaminated litter with IBDV 

BCX was evaluated in terms of its virucidal efficacy under rich organic matter as bedding 

material. The experiment was designed for demonstrating that BCX could maintain its virucidal 

activity when applied in contaminated litter with IBDV. The litter that would be contaminated 

with IBDV obtained from the cage where 3 vaccinated chicks raised with 3 sentinels for 8 days 

was divided into two cages equally, and one cage was added BCX but to not the other as a 

control. After introduction of new SPF chicks into these cages, comparison between BCX-treated 

and untreated cages was done.  

The comparison of average body weights showed no significant difference in initial and 

final weight, as well as in ADG. These results indicated that treating with 300 g of BCX had no 

effect on growth performance of chicks. However, the average value of bursa index revealed that 

highly significant difference was observed, in that decreasing in size took place in the control 

group, as compared with the treatment (P<0.01), indicating that the infection did occur in 

untreated cage (Table 4-4).  
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The infection of IBDV was confirmed by serum neutralization, which disclosed that all 

chicks in the treatment group had no antibody response. By contrast, high levels of antibody 

against IBDV were found in all chicks of the control group, falling in range of 1083-9293 (Table 

4-5). The detection of partial VP2 gene of virus by RT-PCR confirmed that there was no 

infection in all chicks in the BCX treated cage. Alongside, the positive result was illustrated in all 

chicks of the control group (Fig. 4-6). The number of positive chicks in each cage was calculated 

into the transmission rate (100% in the control cage and 0% in the treatment cage). Highly 

significant difference (P<0.01) between the treated and the control cages was found. 

 

IV-3-2-7. Horizontal transmission inhibition of IBDV 

 The application of BCX in litter used for chicks raising during 8 days illustrated that 

transmission of IBDV from challenged chicks to sentinels was inhibited. Once the positive 

detection results were compared between serological and molecular methods, the number of 

positive chicks revealed difference.   

The percentage of false negative by VN test disclosed that infection at the early stage 

occurred at sampling time in some samples, where there was no antibody response, but positive 

RT-PCR findings did emerge. The infection in the early stage can be explained as delayed 

transmission in this case, that  increased from 12.5 % to 33.33 % in group 2, and to 66.67% in 

group 1 (Table 4-6). Thus, the positive results by RT-PCR were determined as actual positive and 

used for the transmission analysis. In the control group, transmission rate was found to be 100 %, 

while 33.33 % rate was illustrated in both BCX treatments, and significantly differed when 

compared with the control (P<0.05) (Table 4-7).   
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On the other hand, total body weights in each cage of each group were summarized and 

compared among all groups (Table 4-8). The initial and final body weights were of non-

significant difference among all groups, as well as the ADG (Table 4-8). These results confirmed 

that application of BCX 300 g in cages has no effect on growth performance of chicks.  

  

IV-3-3. Discussion 

In the present study, the IBDV intermediate vaccine strain D78 was employed for 

experimental infection, because this vaccine strain can be propagated in primary CEF, which are 

beneficial for culturing, plaque assay and VN test. The IBDV strain D78 has been reported to be 

a strain that can remain long in a chicken body, and can be detected in the BF by RT-PCR up to 

more than 3 weeks after vaccination [46]. Thus, IBDV D78 was decided to be used for fecal-oral 

transmission inhibition testing. In the present study, BCX (pH 13) was applied by mixing with 

the litter to inactivate the virus excreted by infected chicks into the litter. 

In the first experiment, in vitro testing has been established for evaluation the efficacy of 

the bioceramic derived from chicken feces, BCX (pH 13), so as to examine whether it has 

inactivation potency on IBDV or not. Previously, we reported that at least 8 h were required to 

inactivate avian influenza virus and adenovirus with the bioceramic derived from chicken feces at 

pH 10.6 [103]. The BCX was produced and intended for use as powder disinfectant, which can 

be mixed with and eliminate pathogens from any contaminated material used in farms. Thus, 

encountering between BCX and pathogens for suitable contact time would be important for 

maximum potency. The remaining aqueous phase containing large amount of virus will not be 

inactivated if not subtended by BCX, resulting in false interpretation of BCX’s efficacy. The 
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amount of BCX used in the present experiment was designed to be 200 mg, enough to absorb 

whole amount of virus in liquid, and incubated with the virus for 3 min and 1 h. 

The viral titer was reduced rapidly down to under detectable level within 3 min. The 

result indicates that 3 min are enough to inactivate IBDV, as displayed by RF more than 3. This 

means BCX (pH 13) could reduce viral titer by more than 99.9%. The RF value was slightly 

higher following 3 min of incubation period than 1 h, due to the higher viral titer of the control 

virus which petty reduced during 1 h incubation. This result signified that bioceramic made from 

chicken feces is apparently useful as disinfecting agent to stop virus transmission between chicks 

within flocks. 

Mixing with the various concentrations of BCX-feces was established, aimed for 

evaluating the ratio that suitable for applying BCX for inactivate IBDV under rich of organic 

matter as in feces. The results showed that proportion of the mixture 30-50 % BCX are interested 

for IBDV inactivation in dry feces. On the other hand, BCX could maintained high pH level and 

provided excellent efficacy for 7 days or more. 

 The contamination by IBDV possibly takes place in chick’s feed during husbandry. Thus, 

BCX was designed for testing as feed additive, based on an avoidance of undesirable effects on 

digestive system, due to sensitivity in young chicks. Hence, BCX was considered by 1% mixing 

with chick feed with 2 starting ages at about 1-week-old (6 and 8 days old). The chicks were 

randomly grouped equally, and their initial weight was not significantly different. The period for 

testing was decided to be 6 days, according to the toxicity testing protocol of MAFF. When the 

period finished, the final body weight was measured, and revealed non-significant difference in 

ADG among the treatment and the control, within both 6 and 8 days since starting date of testing. 

This means BCX pH 13 can be used safely as feed additive for chicken at 1%, without harm, 
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even if used during the critical age around 1 week old. According to this obtained data, 1% of 

BCX in feed was desired for further applying in further evaluation. 

 Evaluation of efficacy of BCX on contaminated feces had been designed and intended for 

testing the suitability of BCX as disinfectant for viral decontamination in litter used for growing 

chicks, carrying rich organic material, including chicken feces. The IBDV D78 was vaccinated 

by high dose, and propagated in chick bodies. The virus excreted to litter stayed as huge depot 

under dry environment, and employed as a challenging virus to consecutive lot. The litter 

carrying virus shed from the former challenged lot was stirred elaborately, and then divided into 

2 cages equally. The viral load in the litter was expected to carry equal amount of virus and used 

as simulated viral contaminated bedding for consecutive lot. Flock health status could be 

displayed roughly by average bursa index. The result demonstrated highly significant size 

decreasing in the control group, as compared with the treatment (P<0.01) (Table 4-4). This can 

occur due to microscopic lesions and atrophy of the BF caused by IBDV D78 [2, 35, 52, 117]. 

The antibody titer against IBDV was observed in the control group, but not in the treatment 

group (Table 4-5). Finally, the confirmation by sensitive method with RT-PCR [60] was applied 

for detecting VP2 gene of IBDV from bursal tissue. Because lymphoid cells in the BF are the 

target cells of IBDV [67], IBDV can possibly be found in this organ [1]. This gene has been used 

for detecting IBDV infection [1, 124] All samples in the control group were found positive by 

556 base pairs of the PCR product, while none did with regard to the chicks in the treated cage 

(Figure 4-4). In addition, the chick’s body weight was observed and compared between both 

groups. There was non-significant difference between the two groups (Table 4). Interestingly, 

treating with BCX by double volume of litter weight had no effect on the growth performance of 

the chicks. According to these results, in the control cage, the virus could survive and exhibited 
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infectivity towards chicks in consecutive lots; however, BCX could inactivate the virus and stop 

the transmission completely when applied in the treated group, even under huge quantity of 

organic materials as litter and feces from the previous lot. 

 BCX pH 13 was further evaluated for inhibition of transmission of IBDV by applying it 

in litter for in vivo experiment. The challenged chicks were kept along with unchallenged chicks 

using BCX as disinfectant in bedding. This experiment aimed to measure the viral horizontal 

transmission inhibition efficacy of BCX pH 13. BCX was applied into litter in narrow space such 

as chick’s cage, which had high risk for transmission of IBDV from chicks to chicks. Two 

different methods of application were compared in order to optimize inactivation. The virus was 

vaccinated to half members of chicks in each cage, with 4 times of normal recommendation dose 

of manufacturer by natural infection route. High amount of vaccine strain was expected to infect 

rapidly and persist in the body, then shed huge quantity of progeny virus into litter throughout 

experimental period. Hence, the vaccine strain was chosen as challenging virus for preventing 

illness caused by high amount of given virus. After vaccination, all 3 chicks were kept together in 

cages and separately from sentinel chicks for 6 h, so as to avoid the oral direct contact between 

vaccinated and unvaccinated chicks.  

Appearance of neutralizing antibody was evaluated in all chicks after nurture for 8 days. 

The high antibody response was found in all challenged chicks (data not shown). It was thus 

confirmed that there was no vaccination failure. The virus could infect and propagate in the body, 

then excreted onto the bedding through feces. The challenged chicks were introduced into the 

cage that had sentinels for monitoring the transmission from challenged chicks to sentinels 

through litter. All sentinels were evaluated in terms of the antibody response. In the non-treated 
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control cage, antibody response was found in all sentinels, while some chicks were positive in 

both treated cages.  

The more sensitive detection system, namely RT-PCR, was applied for confirmation and 

comparing the infection of all chicks. Positive results were found in all vaccinated chicks, in 

relation to the antibody response (data not shown). All sentinels of the control group were 

positive. This was the evidence indicating that the virus could be shed and 100% transmitted to 

sentinels. The infection of sentinels was also confirmed by RT-PCR. The analysis of transmission 

reveals that the transmission rate of treatment groups was 33% for both groups (BCX added daily 

or once before introduction chicks). Nonetheless, significant difference was found when both 

were compared with the control group (Table 4-7).  

The effect of BCX pH 13 on growth performance was also monitored during the 

horizontal transmission inhibition experiments. There were non-significant differences in starting 

and ending weight, as well as in ADG, the most important value which indicated that BCX had 

no effect on growth rate during experimental period (Table 4-8). 

 

IV-4. BCX application in rehabilitation aviary 

IV-4-1. Materials and methods 

IV-4-1-1. Viruses 

Two viruses were included in this study, low pathogenic AIV H7N1 (AIV H7N1) 

(A/duck/Aomori/395/04) [43] and Newcastle disease virus strain Sato (NDV-Sato) [99], which 

were propagated in the 10-day-old embryonated chicken eggs. Harvested amniotic-allantoic 

fluids containing viruses were stored at -80
o
C until further used. 
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IV-4-1-2. Bacteria 

 Two bacteria were applied in inactivation testing, Salmonella Infantis (SI), kindly 

provided by Prof. Hiroshi Fujikawa, (Laboratory of Public Health, Department of Veterinary 

Medicine, Tokyo University of Agriculture and Technology, Tokyo, Japan) and E. coli 106373 

purchased from National Institute of Technology and Evaluation Biological Resource Center 

(NBRC) (Chiba, Japan). Both bacteria were stocked in 10% skim milk at -80
o
C until further 

using.  

When used, these bacteria were thawed and sub-cultured onto desoxycholate hydrogen 

sulfide lactose (DHL) agar, then incubated at 37
o
C overnight. After that, 5 separated colonies 

were collected for overnight culturing in Lysogeny broth (LB) medium at 37
o
C without shaking. 

Finally, 50 µl of cultured medium was taken into 5 ml of fresh LB and incubated at 37
o
C for 4-5 

h with shaking. The obtained culture medium was applied in inactivation efficacy testing. 

 

IV-4-1-3. Bioceramic powder  

Bioceramic powder derived from chicken feces (BCX) at pH 13 used in the present 

experiment was provided by NMG Environmental Development Co., Ltd. (Tokyo, Japan). BCX 

1,200 g was poured into a boots bath (without water), a plastic tray sized 245 mm  365 mm  

140 mm. The boots bath containing BCX was placed inside a building, at a gate of a 

rehabilitation aviary in Tokyo University of Agriculture and Technology, aimed for using as 

disinfectant for shoes when enter in or go out to the aviary every times. BCX was collected from 

5 areas in the boots bath, at the center and 4 corners of the tray, weekly for first 9 weeks, then 

every other week for 20 weeks up to 29 weeks post setting. The samples from each times was 

mixed elaborately together and stored at 4
o
C until testing. 
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IV-4-1-4. Cell cultures  

Madin-Darby canine kidney (MDCK) cells were employed in AIV H7N1 evaluation 

system, while chicken embryo fibroblasts (CEF) were used for NDV-Sato. Both cells were 

cultured in growth medium (GM) as described in Chapter 2. 

 

IV-4-1-5. Virus inactivation efficacy evaluation 

The efficacy evaluation was carried out by incubating the powder 200 mg with 100 µl of 

viruses at room temperature for 1 h. After that, the virus was recovered by adding 900 µl of MM 

and vortexed vigorously and centrifuged by 17,400 x g for 3 min. The resulted, supernatant was 

subjected for making 10 fold dilutions serially with MM and titrated onto MDCK cells for AIV 

H7N1 and CEF for NDV-Sato. Trypsin was added 1 µg/ml at a final concentration for AIV 

H7N1 titration. Cytopathic effect (CPE) was observed and determined at 3 days post-inoculation 

(dpi), which was confirmed by hemagglutination assay (HA) for measuring the viable viruses 

remained. The experiment was performed 3 times for obtaining the average virus titer. 

Virus titers were calculated as 50% tissue culture infectious dose (TCID50)/ml, according 

to Behrens-Kärber’s method [64]. Viral inactivation efficacy was determined using reduction 

factor (RF) as describe in Chapter 2. The experiment was carried out 3 times for obtaining the 

average result of viral titer. 

 

IV-4-1-6. Bacterial inactivation testing 

Culture LB medium containing SI or E. coli 100 µl was incubated with BCX 200 mg at 

room temperature for 3 min or 1 h. After reached incubation period, bacteria were recovered by 

adding PBS 900 µl and vortexing vigorously, a few second after that, BCX would sink to the 
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bottom of the tube then serial 10 fold dilution was made from the supernatant using PBS. The 

diluted bacteria were inoculated onto DHL agar plate 25 µl per ¼ dish, then incubated at 37
o
C 

overnight. Finally, colonies count would be performed. The appeared colonies were calculated 

and expressed into colonies forming unit (CFU)/ml. The experiment was carried out 3 times for 

obtaining the average result of bacterial amount. The efficacy of BCX to inactivate bacteria was 

determined using RF as described in viral inactivation efficacy evaluation. 

 

IV-4-1-7. pH evaluation 

BCX was examined its pH at every collecting times by conducting 20% w/w with double 

distilled water (dW2). After vortex and centrifugation by 340  g for 5 min, pH of the supernatant 

was measured using pH test paper. 

 

IV-4-1-8. Statistical analysis 

 The viral and bacterial titers were evaluated for statistical significance by the analysis of 

variance (ANOVA) with using Tukey HSD by program R [83]. The difference between 

parameters was regarded as significant when the P-value was less than 0.05. 

 

IV-4-2. Results 

IV-4-2-1. AIV inactivation 

 At the beginning of the experiment (at 0 week post set), the collected BCX sample could 

inactivate AIV to detectable limit (2.5 log10TCID50/ml). The untreated AIV titer was 8.5 

log10TCID50/ml and RF at the week 0 was calculated 6.0. The BCX samples collected from at 1 

to 11 weeks post set showed RF more than 5. The BCX sample collected at 13 weeks post set 
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reduced the AIV titer to around 5 log10TCID50/ml and the calculated RF was steeply reduced 

around 3, however RF remained level around 3 until end of the experimental period. The titer of 

the control intact virus of all evaluated times were fallen in range 8.25±0.43 to 8.58±0.14 

log10TCID50/ml and non-significant difference between all control titers. As a result, the obtained 

RF could be compared statically each other between all period. RF fell in range 5.17±0.38 to 

6.08±0.14 with non-significant difference (P>0.05) from 0-11 weeks.  After that, samples were 

collected every 2 consecutive weeks. RF was reduced significantly (P<0.05) from 5.42±0.14 at 

11 weeks to 3.25±0.43 at 13 weeks, then maintained in range 2.5±0.75 to 3±0.25  from 15-29 

weeks with non-significant difference (P> 0.05) (Fig. 4-7). 

 

IV-4-2-2. NDV inactivation 

At 0-2 weeks, the collected BCX samples could inactivate NDV to detectable limit and 

RF was calculated to be more than 6. After 2 weeks, RF was slightly reduced and maintained the 

level more than 5 till 9 weeks post set. At 11 weeks post set, the BCX sample showed RF around 

3, but since 13 weeks, RF was calculated to be around 1.2 until end of the experimental period. 

The titer of the control intact virus at all evaluated times were 8.83±0.14 and 8.92±0.14 

log10TCID50/ml, and non-significant difference (P>0.05). RF fell in range 5.75±0.5 to 6.33±0.14 

with non-significant difference (P>0.05) from 0-9 weeks. RF reduced significantly (P<0.05) from 

5.92±0.8 at 9 weeks to 3.08±0.14 at 11 weeks, and then decreased significantly (P<0.05) to 

1.25±0.25 at 13 weeks. Finally, RF was maintained in range 1.25±0.00 to 1.33±0.38 with non- 

significant difference (P>0.05) at 13-29 weeks (Fig. 4-8). 
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IV-4-2-3. SI inactivation 

The BCX samples collected from beginning of experiment to 9 weeks could reduce SI 

titer (untreated control: 8.5 log10CFU/ml) down to detectable limit (2.6 log10CFU/ml) by 

incubation for 3 min and RF was calculated to be more than 6 (Fig. 4-9). At 11 weeks post set, 

the BCX sample showed RF of around 3. When BCX treatment period was extended from 3 min 

to 1 h incubation, the sample could inactivate SI with RF around 5.5 until the end of the 

experiment. The titer of the control intact SI of 0-11 week fell in range 8.58±0.23 to 8.87±0.05 

log10CFU/ml with non-significant difference (P>0.05). RF was 6.11±0.28 and 6.27±0.05. During 

0-9 weeks, non-significant difference (P>0.05) was illustrated.  RF was reduced significantly 

(P<0.05) from 6.11±0.28 at 9 weeks to 3.03±0.15 at 11 weeks. When incubation period was 

extended to be 1 h since 11 weeks, it was displayed that the titer of treated SI was reduced to the 

detectable limit with the same control titer (8.46±0.05 log10CFU/ml), resulting RF (5.86±0.05) 

throughout 29 weeks (Fig. 4-9). 

 

IV-4-2-4. E. coli inactivation 

During 0-9 weeks, BCX could reduce the titer of E. coli down to detectable limit. At 11 

weeks, the collected BCX showed RF of more than 5, but at 13 weeks RF was calculated 3.36. 

The titer of the control intact SI of 9-13 weeks were 7.82±0.48 and 8.51±0.21 log10CFU/ml with 

non-significant difference (P>0.05). The RF during 0-13 weeks were calculated 3.36±0.85 to 

5.91±0.21, significant difference (P<0.05) was found between 11 and 13 weeks. After incubation 

period was extended to be 1 h since 11 weeks, the titers of treated E. coli reduced to the 

detectable limit, however, the control titer was not changed after 1 h incubation (8.26±0.13 

log10CFU/ml), resulting the same RF (5.66±0.13) until end of the experimental period (Fig. 4-10). 
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IV-4-2-5. pH evaluation 

 The fresh BCX has its pH 13. It could maintain this level up to 1 week. After that, its pH 

decreased down to 12.5 and stay with this value until 8 weeks. Then BCX lost its pH gradually 

down to 11.5 at 13 weeks, and maintained this level till 21 weeks before reduced to be 11 at 23-

29 weeks (Fig. 4-11). 

 

IV-4-3. Discussion   

BCX at pH 10.6 had been evaluated for its efficacy to inactivate poultry disease 

pathogens as AIV and avian adenovirus [103]. BCX at pH 10.6 displayed good virucidal efficacy, 

however it required long incubation period with viruses, at least 8 h, to inactivate them [103]. 

After improvement of the sintering process of chicken feces, BCX at pH 13 was produced. BCX 

at pH 13 was evaluated for its virucidal efficacy using IBDV and was illustrated a satisfactory 

result to inactivate the virus within 3 min, as well as to inhibit horizontal transmission of IBDV 

from infected chicks to sentinels as shown in Chapter 4 (IV-4-1 to IV-4-3). 

In the present study in Chapter 4 (IV-4-4), BCX (pH 13) was evaluated for its efficacy by 

a purpose using as a biosecurity enhancement material in animal farms, tested at a rehabilitation 

aviary. BCX was applied at the gate of aviary at inside the building and kept for long term 

without changing or adding BCX more. The evaluation of virucidal or bactericidal efficacies was 

determined using RF as a parameter of microbial inactivation at each sampling times. The RF≥3 

is the criteria of satisfying efficacy, which meaning of 99.9 % reduction, evaluated using AIV 

and NDV as surrogate viruses, SI and E. coli as representative bacteria. 

As shown in Fig 4-7 and 4-8, BCX (pH 13) applied at the booth bath for 11 weeks could 

inactivate AIV and NDV, when it was incubated with viruses for 1 h. The efficacy seems to be 
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correlated with the BCX pH at sampling. In the preliminary experiments, BCX (pH 13) collected 

from the boots bath just after placed in the boots bath (0 week) could inactivate AIV and NDV 

within 3 min incubation but not inactivate AIV collected at 1 week post set (data not shown).   

High stability of AIV at high pH, more than 12 was reported [125]. In the present experiments, 

NDV showed less stability at high pH compared with AIV, however, the BCX samples collected 

at 13 weeks post set or later showed lower RF against NDV (RF around 1.25) than against AIV 

(RF around 3.0) (Fig. 4-7 and Fig. 4-8).   

Against bacteria, SI and E. coli, BCX (pH 13) also showed high RF for 11 weeks and this 

efficacy was determined within 3 min incubation. These results also reflected pH stabilities of 

bacteria. Generally, bacteria show low stability against high pH [73, 92]. 

Trapping disinfection at an entrance or outside of animal sheds in farms is one of the tools 

for the enhancement of biosecurity. In such use, 1 h incubation period would be acceptable to 

inactivate microorganisms. The present experiments showed that BCX (pH 13) placed at the 

boots bath for 11 weeks could inactivate viruses with RF more than 3, when it was incubated 

with viruses for 1 h and that BCX kept in the same condition for 29 weeks could inactivate 

bacteria with RF more than 3. Taken together, it was suggested to change BCX (pH 13) every 2 

months to enhance biosecurity at farms.   

AIV is one of the very important disease pathogens, affecting to global trading of poultry 

products. It is an enveloped RNA virus [97], and sensitive to acid or basic pH value [66, 80, 88, 

108]. This virus has been distributed by wild bird, especially by migratory avian species [25, 33, 

36, 39, 41, 43, 75, 76].  Thus it was desired as a representative for testing under farm using.  

BCX (pH 13.0) could express an excellent efficacy for 11 weeks, determined by RF, if the BCX 

samples were incubated with AIV for 1 h. Its efficacy was significantly reduced after 13 weeks. 
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However, it could maintain RF nearby 3 until end of the experimental period for 29 weeks. 

Although its efficacy at consecutive weeks still maintained with RF around 3, its preferable using 

should be before 11 weeks for the optimum efficacy to inactivate AIV. 

NDV is a single strand enveloped RNA virus [4] which is very serious pathogens of 

domestic poultry. This virus is endemic in many countries around the world and affects to poultry 

industries as AIV. The experiment was carried out employing Sato strain, which is a velogenic 

strain [79]. This virus was inactivated completely with the BCX samples collected at 0-2 weeks 

during 1 h of incubation period. The virucidal efficacy against NDV was highly maintained with 

RF more than 5 for the BCX sample collected at 9 weeks post placed in the boots bath but the 

efficacy was reduced steeply for the BCX sample collected at 11 weeks with RF around 3 (Fig. 4-

8). Finally, its efficacy was not satisfied (RF< 3) since 13 weeks. 

In order to evaluate bacterial inactivation, SI and E. coli were used as surrogate bacterial 

species. Although SI would not make a serious disease in poultry, it is a public health concern 

[61]. The poultry are considered to be significant reservoirs of SI [62]. The source of human 

salmonellosis is considered to be eggs and egg products [28, 50, 120] , while E. coli is a common 

bacteria found in environment, and some found to be virulent in animals or human [23, 70]. In 

the present experiment, firstly, incubation period was set at 3 min as an expectation that enough 

to in activate SI or E. coli. The result showed that both bacteria were inactivated completely with 

the BCX samples collected up to 9 weeks after placed in the booth bath. The BCX samples 

collected from the boots bath lost their bactericidal efficacy, with incubation period 3 min, 

against SI at 11 weeks and against E. coli at 13 weeks.  Extending the incubation period to be 1 h, 

resulting at 11-29 weeks showed that SI and E. coli were inactivated completely throughout the 

experimental period. 
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The pH measurement revealed that BCX pH decreased gradually since 8 weeks down to 

11.5 at 13 weeks, related to its efficacy to inactivate all pathogens, which start decreasing 

significantly since 9-11 weeks depended on pathogens. This is an evidence declares that pH is 

one of the key factors fetch BCX plays action as disinfectant. On the other hand, the data from x-

ray fluorescence technique revealed that the major component of BCX is CaO (data not show). 

The previous reports illustrated that CaO has an excellent efficacy to inactivate virus or bacteria 

[6, 7, 106]. 
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Table 4-1. Efficacy of BCX on poultry disease pathogens at 1 h of incubation period (Mean±SD). 

 

Viruses Virus titer (log10TCID50/ml) RF 

Treated Control 

NDV-Sato ≤ 2.5 ± 0.00 8.5 ± 0.25 ≥ 6 ± 0.25 

NDV-Ishii ≤ 2.5 ± 0.00 7.92 ± 0.52 ≥ 5.42 ± 0.52 

IBDV-D78 ≤ 2.5 ± 0.00 6.83 ± 0.14 ≥ 4.33 ± 0.14 

GPV-IHC ≤ 2.5 ± 0.00 6.92 ± 0.38 ≥ 4.42 ± 0.38 

AIV H7N1 ≤ 2.5 ± 0.00 8.58 ± 0.14 ≥ 6.08 ± 0.14 

 

Viruses were incubated with BCX for 1 h and the remained virus titers were shown as 

log10TCID50/ml (Mean±SD). Detection limits of viruses were 2.5 log10TCID50/ml. 

Untreated viruses kept at room temperature for 1 h were titrated as controls. 

RF: Reduction factor 
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Table 4-2. Virucidal efficacy of BCX on IBDV. 

 

Incubation period IBDV Titer (log10 PFU/ml) RF 

Control Ceramic 

3 min 6.64 ± 0.1 < 2.7 ± 0.00 > 3.94 ± 0.1 

1 h 6.57 ± 0.09 < 2.7 ± 0.00 > 3.87 ± 0.09 

 

RF = Reduction factor 

IBDV was incubated for 3 min or 1h, and the remained virus titers were shown as mean ± SD 

from replicated 3 times tests. 

 

Table 4-3. Comparison of growth performance under feed additive safety test at 2 different 

starting ages. 

 

Starting age 

(days) 

Groups Body weight (g) ADG 

(g) Initial Final at 6 days later 

6 1% BCX 65.82 ± 6.51 132.65 ± 11.34 11.14 ± 0.9 

Control 60.7 ± 3.1 126.12 ± 8.72 10.9 ± 0.98 

8 1% BCX 89.1 ± 3.69 152.6 ± 7.18 10.58 ± 0.6 

control 88.08 ± 2.53 150.37 ± 5.09 10.38 ± 0.8 

 

ADG = Average daily gain 

Figures are shown as mean±SD of 6 chicks in the same column with non-statistically significant 

difference at same starting age (P>0.05). 
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Table 4-4. Comparison of growth performance and bursa index of chicks raised with BCX-

treated and untreated contaminated litter with IBDV. 

 

Groups Body wight (g) ADG Bursa 

weight (g) 

B:BW 

Initial Final 

Treatment 71.43 ± 4.13 136.93 ± 12.09 8.19 ± 1.11 0.76 ± 0.19
a
 5.53 ± 1.42

a
 

Control 71.07 ± 5.98 129.28 ± 6.45 7.28 ± 0.52 0.26 ± 0.05
b
 1.98 ± 0.33

b
 

 

Figures are shown as mean±SD of 6 chicks.  

ADG = Average daily gain 

B: BW = Bursa index 

a, b 
Statistically significant difference in the same column with different superscript (P<0.01). 
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Table 4-5. Neutralizing titer against IBDV and molecular diagnosis for IBDV in individual 

chicks raised with BCX-treated and untreated contaminated litter with IBDV. 

 

Groups Chicks No. VN titer RT-PCR 

Treatment 1 5.7 Negative 

2 4.2 Negative 

3 5.3 Negative 

4 5.0 Negative 

5 5.1 Negative 

6 5.4 Negative 

Control 7 1083.8 Positive 

8 1470.3 Positive 

9 2050.7 Positive 

10 9293.0 Positive 

11 7760.5 Positive 

12 4911.4 Positive 

 

VN titer = Virus neutralizing titer, calculated by 50 % plaque reduction according Behrens-

Kärber’s method. 
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Table 4-6. Comparison of serological and molecular results for determining IBDV horizontal 

transmission. 

 

 

Groups 

Diagnostic results Total of 

Positive 

(VN/PCR) 

Delayed 

transmission 

(%) 

Serological Molecular 

Positive Negative Positive Negative 

BCX 300 g in liter+30 g daily 1 8 3 6 1/3 66.67 

BCX 300 g in liter 2 7 3 6 2/3 33.33 

Control 7 1 8 0 7/8 12.5 

 

Diagnosis for IBDV infection was carried out with the virus neutralization test (Serological) and 

with RT-PCR (Molecular). 

 

Table 4-7. Horizontal transmission analysis of contaminated litter with IBDV treated with BCX. 

 

Groups Samples 

(Positive / Negative) 

Transmission rate 

300 g in litter + 30 g daily 9 (3/6) 0.33
a
 

300 g in litter 9 (3/6) 0.33
a
 

Control 8 (8/0) 1.00
b
 

 

a, b
 Statistically significant difference in the same column with different superscript (P< 0.05). 

Positive: the samples that showed positive with RT-PCR. 

Negative: the samples that showed negative with RT-PCR. 
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Table 4-8.  Growth performance of chicks during horizontal transmission inhibition evaluation 

for IBDV. 

 

Groups Body weight (g)
a
 ADG

a
 

Initial Final at 8 day later 

BCX 300 g in litter+30 g 

daily 

59.53 ± 2.44 116.94 ± 24.97 7.18 ± 2.98 

BCX 300 g in litter 58.43 ± 5.04 112.83 ± 24.94 6.8 ± 2.78 

Control 59.77 ± 7.3 117.55 ± 21.55 7.22 ± 2.2 

 

a
 Mean±SD in the same column with non-statistically significant difference (P>0.05). 

ADG = Average daily gain 
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Fig. 4-1. Reduction factor (RF) against AIV of BCX kept under the sunlight (mean±SD). Three 

gram of BCX was measured in a 90 mm petri dish for 3 dishes. Sampling was carried out every 2 

consecutive weeks till 7 weeks from each dish, separately. The evaluation was carried out using 

100 mg of the collected BCX samples mixed with 50 µl of AIV by incubating at room 

temperature for 1 h. RF illustrated higher than 3 from 1-7 weeks. The RF reduced significantly 

from 1st and 3rd weeks (P<0.05). 
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Fig. 4-2. Reduction factor (RF) against AIV of BCX collected after resuspension with tap water 

(mean±SD). Three gram of BCX was measured in a 90 mm petri dish for 3 dishes. The dishes 

subjected for making suspension with 10 ml of tap water and dried under the sunlight. Sampling 

was carried out every 2 consecutive resuspension times till 9 times from each dish, separately. 

The evaluation was carried out using 100 mg of the collected BCX samples mixed with 50 µl of 

AIV by incubating at room temperature for 1 h. RF illustrated higher than 3 throughout 

experimental period. 
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Fig. 4-3. pH of BCX collected after resuspension with tap water till 9 times. Initial pH was 13 at 

first resuspension times, and then decreased to be 12.5 at 2-4 resuspension times. The pH 

decreased steeply down to 11 at 6 times and maintained this level till 9 times. 
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Fig. 4-4. A schematic flow chart of virucidal efficacy evaluation in IBDV contaminated feces.  

Three 5-day-old SPF chicks were vaccinated with IBDV strain D78 at 4 doses orally 

and kept together with another group of 3 non-vaccinated for 8 days. The litter with feces that 

would contain infectious IBDV in the cage of 300 g was divided into 2 new cages. One cage was 

added with BCX 300 g and the litter-feces mixture was mixed well with BCX. The other cage 

was used as a control, without addition of BCX. After incubation for 8 h at room temperature, 

new six 6-day-old SPF chicks were introduced into each cage, and kept for 8 days. Feed was 

supplied with 1% BCX in the BCX treatment cage, while normal feed was given to the control 

cage. At 8 days post-introduction of the new chicks, blood was taken for VN test. All chicks were 

sacrificed for bursa of Fabricius sampling for RT-PCR testing. 
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Fig. 4-5. A schematic flow chart of horizontal transmission inhibition test of IBDV. 

      Eighteen 6-day-old SPF chicks were assigned randomly into 3 groups: Cage 1: BCX 

300 g mixed with litter 30 g, scatter and re-mixed with BCX 30 g daily; Cage 2: BCX 300 g 

mixed with litter 30 g without more scattering; Cage 3: control, intact litter was placed in this 

group. IBDV strain D78 was inoculated orally with 4 doses to 3 chicks of each cage at 6-day-old. 

Then, all the vaccinated birds were kept in each cage placed in an isolator for 6 h before 

introducing 3 unvaccinated chicks as sentinels. Blood and BF were collected at 8 dpi for VN test 

and RT-PCR, respectively. The experiments were performed in triplicate. 
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Fig. 4-6. The PCR results obtained from chicks raised with BCX-treated and untreated 

contaminated litter with IBDV. Two 100 bp marker ladder illustrated at the first and last lanes 

(M). No positive band was observed under the treatment with 300 g of BCX (No. 1-6), whereas 

the 556 bp band was presented regarding all chicks in the control cage (No. 7-12). 
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Fig. 4-7. Reduction factor (RF) against AIV of the BCX samples collected during 29 weeks 

(mean±SD).  BCX was poured in the boots bath which was placed inside a building, at a gate of a 

rehabilitation aviary. Samples were collected from the boots bath weekly for first 9 weeks, then 

every other week up to 29 weeks post setting. The evaluation was carried out using 200 mg of the 

collected BCX samples mixed with 100 µl of AIV by incubating for 1 h, replicated 3 times for 

each sample. The RF fall in range 5.17±0.38 to 6.08±0.14 with non-significant difference 

(P>0.05). The RF reduced significantly (P<0.05) from 5.42±0.14 at 11 weeks to 3.25±0.43 at 13 

weeks. The RF maintained in range 2.5±0.75 to 3±0.25 from 15-29 weeks with non-significant 

difference (P>0.05). 
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Fig. 4-8. Reduction factor (RF) against NDV of the BCX samples collected during 29 weeks 

(mean±SD). BCX was poured in boots bath and placed inside a building, at a gate of a 

rehabilitation aviary. Samples were collected weekly for first 9 weeks, then every other week up 

to 29 weeks post setting. The evaluation was carried out by 200 mg of samples mixed with NDV-

Sato of 100 µl by incubating for 1 h, replicated 3 times each sample. RF fall in range 5.75±0.5 to 

6.33±0.14 with non-significant difference (P>0.05). RF reduced significantly (P<0.05) from 

5.92±0.8 at 9 weeks to 3.08±0.14 and 1.25±0.25 at 11 and 13 weeks, respectively. The RF 

maintained in range 1.25±0.00 to 1.33±0.38 with non-significant difference (P>0.05) at13-29 

weeks. 
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Fig. 4-9. Reduction factor (RF) of the BCX samples collected during 29 weeks (mean±SD) 

against Salmonella Infantis (SI).  BCX was poured in boots bath and placed inside a building, at a 

gate of a rehabilitation aviary. Samples were collected weekly for first 9 weeks, then every other 

week up to 29 weeks post setting. The evaluation was carried out by 200 mg of samples mixed 

with SI 100 µl by incubating for 3 min (A) and 1 h (B), replicated 3 times each sample. RF were 

6.11±0.28 and 6.27±0.05 until 9 weeks. RF reduced significantly (P<0.05) to 3.03±0.15 at 11 

weeks. After incubation period was extended to 1 h since 11 weeks, RF illustrated 5.86±0.05 

until 29 weeks. 

A 

B 
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Fig. 4-10. Reduction factor (RF) of the BCX samples collected during 29 weeks (mean±SD) 

against E. coli. BCX was poured in boots bath and placed inside a building, at a gate of a 

rehabilitation aviary. Samples were collected weekly for first 9 weeks, then every other week up 

to 29 weeks post setting. The evaluation was carried out by 200 mg of samples mixed with E. coli 

NBRC 106373 100 µl by incubating for 3 min (A) and 1 h (B), replicated 3 times each sample. 

RF maintained 5.91±0.21 until 9 weeks, then decreased to be 5.29±1.27 at 11 weeks and reduced 

significantly (P<0.05) to 3.36±0.85 at 13 weeks. After incubation period was extended to 1 h 

since 11 weeks, RF illustrated 5.66±0.13 until 29 weeks. 

A 

B 
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Fig. 4-11. pH of BCX collected during 29 weeks. Initial pH was 13, and then decreased to be 

12.5 at 2-8 weeks. The pH decreased gradually down to 11.5 at 13 weeks, and maintained this 

level until 21 weeks. Finally, its pH decreased down to 11 after 21 weeks and maintained this 

value until 29 weeks. 



 

 

 

 

 

 

 

 

 

 

 

 

Chapter 5 

“General Conclusion and Discussion” 
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V-1. General conclusion 

 In the dissertation, the ceramic powders derived from 4 different sources, including 

chicken feces at pH 13 (BCX), scallop shell (SSP), polyvinyl chloride (PVC) and soybean (SB) 

were used. These materials were preliminary evaluated for their virucidal efficacy using avian 

influenza virus (AIV) H7N1 and goose parvovirus (GPV) strain IHC as representative viruses for 

testing in chapter 2. AIV is an RNA virus, harmful and has serious impact on the poultry 

production system around the world. It is the most important poultry virus which enhances 

evolution of bio-security system for increasing the level of protection, because it affects poultry 

production, as well as human health concerned. GPV is a small DNA virus and resistant to 

physio-chemical inactivation, and it appears to be an optimal index in evaluating virucidal 

activities of the materials. 

The results revealed that all of the tested ceramics showed excellent results to inactivate 

AIV, if they were incubated with the virus for 20 h, except SSP for 3 min incubation according to 

the previous literature [106]. However, against GPV, only three of them showed satisfactory 

results, including BCX, SSP and PVC as tested with AIV. The further preliminary evaluation for 

their virucidal efficacies under harsh condition revealed that all ceramics expressed excellent 

efficacies to inactivate AIV even after they were kept for 7 weeks under sunlight by 20 h 

incubation period, except SSP which 3 min incubation period was applied. The similar results 

were illustrated by evaluating under wet-dry simulated environment, which 20 h incubation 

period was applied on all samples up to 7 resuspension times. 

According to the results obtained from the preliminary materials selection in Chapter 2, 3 

materials were selected, considering their virucidal efficacies. However, taking into account the 
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original materials, PVC does not derive from bio-material. To that end, BCX and SSP were 

selected for further evaluation.    

 

V-1-1. Conclusion for efficacy of SSP on poultry diseases control 

 In the preliminary study described in chapter 2, we can conclude that SSP expressed 

excellent efficacy to inactivate AIV and GPV by short contact time for 3 min incubation period 

(Table 2-2). It could maintain excellent potency to inactivate AIV when evaluated for 3 min of 

incubation period after kept it under sunlight (Table 2-3) and for 20 h incubation period under 

wet-dry condition (Table 2-4). Further studies were therefore designed in Chapter 3 for collecting 

data to discover whether it could be used for enhancing bio-security system at farms. 

 Furthermore, slaked lime (SL), a conventional material used in animal farms, and SSP 

had been carried out, aimed to finding advantageous aspects of SSP over SL when used in farms, 

using AIV as a test virus. The evaluation by short period of 3-minute contact time was spent 

firstly. The results showed that SSP could last its efficacy under sunlight for 7 weeks (minimum), 

while SL lost its efficacy in its 5th week. However, SL could still express its efficacy if it was 

incubated with AIV for 20 h. SSP expressed its efficacy better than SL when observed under wet-

dry environments. SSP had potency to inactivate AIV within 3 min till 6 resuspension times, 

while SL could show its efficacy up to 3 resuspension times. However, its efficacy was still 

presented until 7 resuspension times (minimum), if it was evaluated with incubation for 20 h 

(Table 3-2). On the data presented in Chapter 3, the pH buffering test demonstrated that the pH 

buffering property of SSP was quite better than SL. (Table 3-3). 

CaO-Nano was developed from SSP by grinding SSP further into nano-sized particles, 

provided in 20% solution preparation. CaO-Nano was also evaluated for its virucidal activity 
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with AIV, Newcastle disease virus (NDV) and GPV. The results showed that it was efficacious 

and satisfactory even at low concentration as 2% was applied in the presence of organic materials 

(Table 3-4). 

All the obtained results indicated that SSP appeared to have excellent efficacy to 

inactivate viruses. Its efficacy could last when it was kept in harsh environments for several 

weeks under sunlight or being soaked by rain and dried by sunlight for several times. Further 

experiment, therefore, was designed to examine whether it could possibly be used for stopping 

viral horizontal transmission during raising chickens. 

 Although SSP has been shown to have excellent efficacy to inactivate AIV, NDV and 

GPV, the in vivo observation revealed that SSP was rather dusty and disturbed growth 

performance of chicks when applied in feed and litter during chick raising (Table 3-5). The 

obtained data indicated that SSP was not suitable to be used as a disinfectant for horizontal viral 

transmission inhibition despite its excellent efficacy to inactivate AIV or GPV. 

 

V-1-2. Conclusion for efficacy of BCX on poultry diseases control 

BCX is one of the candidate materials, proved by pilot experiment in Chapter 2. Further 

experiment was designed for evaluating its efficacy on poultry viruses including NDV, infectious 

bursal disease virus (IBDV), GPV, and AIV in chapter 4. The obtained results indicated that 

BCX had excellent efficacy to inactivate important poultry disease viruses, including DNA and 

RNA viruses, either enveloped or non-enveloped, completely within 1 h of incubation period 

(Table 4-1). 
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As same as SSP, BCX was further evaluated under harsh condition using AIV as a test 

virus in an evaluation system in chapter 4, and it was shown that BCX could maintain satisfied 

and stable efficacy when it was kept under harsh environments, provided 1 h contact period.  

In order to evaluate whether BCX could inhibit fecal–oral transmission of IBDV during 

raising chicken, the experiments were designed for investigating its efficacy by mixing with 

IBDV contaminated bedding material, feed as well as mixing with intact feces. IBDV was 

designed using in the fecal–oral transmission system due to the previous publication proved that 

shedding of this virus occurred only by fecal route [122], and monitored by sensitive animals as 

specific pathogens free (SPF) chicks. Moreover, average daily gain (ADG), the important value 

which indicated whether BCX interfered growth performance of chicks was used as a parameter. 

BCX had less pervade effect than SSP, and was not harmful to chicks when applied at 

about 1 week of age, as same as 1% in feed (Table 4-3), as well as mixing in bedding material 

(Table 4-4). BCX had potency to protect chicks from infection by IBDV contaminated litter 

(Table 4-5). The observation revealed a significant reduction of horizontal transmission rate. 

(Table 4-7). 

To verify efficacy of BCX for applying in animal farms, field experiment had been 

designed by indoor application for boots bath at the entrance to the aviary. Without changing or 

adding more, BCX lasted its efficacy to inactivate viruses or bacteria, when AIV, NDV, 

Salmonella Infantis (SI) and E. coli were included in the evaluation. The results can be concluded 

that its efficacy lasted long for 11-13 weeks when applied in the boots bath in animal house 

without changing or adding. 
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V-2. General discussion  

 AIV has been the most important poultry disease virus, because of affecting widely to 

poultry health. There are numerous reports indicating that AIV has the potential to infect humans 

[16, 45, 47, 111, 116, 118, 123]. As a result, it has become a trading barrier for exporting or 

importing of fresh poultry meat [12, 107]. The recent data reveals that AIVs are circulating 

among wild birds. Worldwide surveillance for monitoring this disease usually discloses that most 

of the isolated viruses are low pathogenic. However, many reports reveal that reassortments in 

viral genome are usually found in poultry at AIVs circulating regions around the world [27, 32, 

82, 96, 114, 123]. Although the vaccines are designed to be used in certain countries, the 

circulation of highly pathogenic avian influenza viruses (HPAIVs) occurs in many countries that 

are using vaccines against HPAI. Hence, the vaccination is not a sufficient measure for 

controlling HPAI. 

 NDV is another very important disease pathogen for poultry and it causes trade barriers 

same as AIV [17]. Many countries have decided to use vaccines as their controlling strategy. AIV 

and NDV are the most important disease pathogens affecting poultry industry since the beginning 

of trade. The other viruses, bacteria or protozoa are un-ignorable. Hence, the bio-security has 

become the most powerful for disease prevention and the closed farming system has been 

interested. In accordance with intensive vaccination programs, cleaning or using disinfectants and 

restricting entering for unauthorized personnel are implemented. However, these measures are 

costly, and may not be suitable for small scale farming. This dissertation study has been carried 

out by the purpose of enhancing the method for disease control, which can be used in general 

practice in all levels of farming. This does not aim to dismiss all security measures which are 
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used as usual in poultry farms. It was carried out with a strong desire to create synergism effect 

of prevention potency. 

According the obtained data, SSP and BCX have excellent efficacy to inactivate poultry 

viruses. However, concerning their properties, the application will be different by the purpose of 

use. SSP can inactivate viruses rapidly. Its efficacy is rather stable and last long, even under 

harsh conditions. However, it rather affects to growth performance of chicks if it is applied by 

direct contact to chicks. Therefore the application of SSP should be focused using with fomites 

and in environments.  

BCX also has high potency to inactivate important poultry viruses. Its efficacy is stable in 

environments as well. However, a special property of BCX is to inhibit horizontal transmission 

during chick raise, proved by the evaluation using IBDV as a represent virus. Its efficacy can 

undergo even under rich organic materials such as bedding materials which carry enormous 

amount of contaminated feces. Therefore, BCX can be administered as powder disinfectant for 

preventing horizontal transmission of poultry viruses by ingestion route. Similar efficacy with 

SSP and BCX can be applied with any fomites as well in environments.  

Finally, methods of application of SSP (including CaO-Nano) and BCX are summarized 

in Table 5-1. All results in this dissertation can be concluded that SSP and BCX have proven to 

be excellent materials. They can be applied in animal farms instead of conventional materials as 

slaked lime. Both can be used in chicken farms, for upgrading bio-security systems. 
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Table 5-1. Summary of methods for bio-security enhancement using SSP, CaO-Nano and BCX 

for animal farms. 

 

Areas materials Purposes Methods 

Entrance of farms SSP or BCX Disinfect foot wears or 

wheels 

Pour on boots bath or 

floor 

Entrance of poultry 

houses 

SSP or BCX Disinfect foot wear Pour on boots bath  

Entrance of poultry 

houses 

CaO-Nano Disinfect foot wear 2 % in water in boots  

bath  

Entrance of poultry 

houses 

CaO-Nano Disinfect hand 2 % in water in hand 

wash tray or spray bottle  

In litter BCX Fecal-oral transmission 

inhibition 

30 - 50 % w/w in litter 

In feed SSP or BCX Fecal-oral transmission 

inhibition 

Mix in feed 1% 

Beside poultry houses SSP or BCX Disinfect in contaminated 

environment 

Pour on ground 

Disposal area for 

carcass or manure 

SSP or BCX Disinfect in contaminated 

environment 

Pour on ground, carcass 

or manure 
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