
244

*Correspondence to: Takehara, K., Laboratory of Animal Health, Department of Veterinary Medicine, Faculty of Agriculture, Tokyo University of Agriculture 
and Technology, 3-5-8, Saiwai-cho, Fuchu-shi, Tokyo 183-8509, Japan. e-mail: takehara@cc.tuat.ac.jp
©2017 The Japanese Society of Veterinary Science

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-
nd) License <http://creativecommons.org/licenses/by-nc-nd/4.0/>.

NOTE 
Avian Pathology

Accuracy of the evaluation method  
for alkaline agents’ bactericidal efficacies  
in solid, and the required time of bacterial 
inactivation
Hakimullah HAKIM1,2), Chiharu TOYOFUKU1), Mari OTA1), Mayuko SUZUKI1), 
Miyuki KOMURA1), Masashi YAMADA1)

, Md. Shahin ALAM1,2),  
Natthanan SANGSRIRATANAKUL1,2), Dany SHOHAM1,3) and  
Kazuaki TAKEHARA1,2)*

1)Laboratory of Animal Health, Department of Veterinary Medicine, Faculty of Agriculture, Tokyo University of 
Agriculture and Technology, 3-5-8, Saiwai-cho, Fuchu-shi, Tokyo 183-8509, Japan

2)The United Graduate School of Veterinary Science, Gifu University, 1-1, Yanagido, Gifu 501-1193, Japan
3)Bar-Ilan University, Begin-Sadat Center for Strategic Studies, Ramat Gan 5290002, Israel

ABSTRACT.	 An alkaline agent, namely food additive grade calcium hydroxide (FdCa (OH)2) in 
the powder form, was evaluated for its bactericidal efficacies in chicken feces at pH 13. The point 
for this evaluation was neutralization of the alkaline agent’s pH at the time of bacterial recovery, 
since otherwise the results are substantially misleading. Without neutralization of the FdCa (OH)2 
pH, the spiked bacteria were killed within min at the time of recovery in aqueous phase, but not in 
the solid form in feces, hence, it has been demonstrated that when bacteria were in solid, it took 
longer time than in liquid for the alkaline agent to inactivate them down to the acceptable level 
(≥3 log10 CFU/ml).

KEY WORDS:	 food additive grade calcium hydroxide, infection control/disinfection, livestock 
biosecurity, poultry production

Disinfectants and their application comprise an essential part of infection control strategies at livestock farms. Currently, 
various sources of antimicrobial products are available [8, 23]. Among them, alkaline agents (especially lime) are well known 
for their strong bactericidal activity and are most frequently applied for the control and prevention of biological hazards at farms, 
because they can inactivate bacteria under contamination of organic materials [1, 2, 17, 20, 26]. Bactericidal efficacy of lime 
has been evaluated by researchers, but during recovery of spiked microorganism, these researchers have used distilled water, 
phosphate buffered saline or medium that would raise the pH value of the mixture in the aqueous phase and result in inactivation 
of the treated microorganisms during their recovery, which is a misleading result [1, 2, 20, 21, 24, 26, 29]. Such incorrectness 
of the results may cause outbreaks of infectious diseases in the poultry industry despite application of lime as disinfectant and 
consequently bring about huge economic loses, along with animal and public health’s concerns.

Among the bacterial infections, salmonellosis and colibacillosis are very common, and they are most frequently present at farms, 
causing high morbidity and mortality, and reducing productivity of the chicks and hatchability of the eggs [5, 9, 11, 13, 16, 19]. 
In addition to that, billion tons of poultry bedding materials are harvested from the poultry farms, annually, which are highly 
contaminated with various kinds of pathogens [15, 28], including Salmonella spp. and E. coli [7, 22], and farmers are using 
these bedding materials for fertilization of their farm lands as a chosen method of litter disposal [4, 12]. Several studies 
have demonstrated the role of poultry litter or their wastes, in the contamination of surface water and environments around 
[3, 6, 17, 18, 27]. Thus, Salmonella spp. and E. coli constitute a meaningful public health concern as well.

To enhance the biosecurity at farms and to prevent contamination of farms and the environments around, it is worthwhile to 
establish a perfect evaluation method for the alkaline agents, in order to find the required exact concentration and time for the 
alkaline agents to inactivate pathogens in feces and litter, and finally to suggest their proper application at farms, for enhancement 
of the biosecurity.

Food additive grade calcium hydroxide (FdCa (OH)2) powder, that is a novel product at pH 13, made of natural calcium 
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carbonates derived from limestone through calcination process, with the average diameter of the powder size at 10 µm, was kindly 
provided by Fine Co., Ltd. (Tokyo, Japan). Chicken feces were collected from chickens less than three weeks old kept in our 
laboratory and autoclaved at 121°C for 15 min; then, they were heated at 80°C for 60 min, in order to reduce their humidity and 
stored at 4°C until use in the experiments.

Bacterial suspensions of E. coli strain NBRC106373 and S. Infantis were prepared and enumerated as described previously [10].
Bacterial inactivation was considered as reduction factor (RF) [14] and was calculated using the equation below after conversion 

of bacterial titer to the log10 CFU/ml:

RF tpc ta= −

In the above equation, tpc is the titer of bacteria from untreated sample in log10 CFU/ml, while ta is the titer of recovered 
bacteria from treated samples. The inactivation rate was acceptable when the RF was greater than or equal to 3 [10, 14, 25, 26].

For the recovery of spiked bacteria from feces using phosphate buffered saline (PBS: 0.14 M NaCl, 2 mM KCl, 3 mM Na2HPO4 
and 1.5 m KH2PO4, pH 7.4), the autoclaved feces were measured in weight and added into 50 ml conical centrifuge tubes 
according to the experiments design, in order to make final concentrations of 0, 5, 10 and 20% (w/w), in the total weight of 0.5 g 
with FdCa (OH)2 powder. Hundred microliters of E. coli or S. Infantis were inoculated in the measured feces and vortexed to mix 
well; then, FdCa (OH)2 powder was added on them, followed by mixing by vortex mixer. Soon after, 10 ml PBS was added on the 
mixture to harvest the spiked bacteria from feces through mixing by vortex for about 1 min. Serial tenfold dilution was prepared 
immediately per sample and plated on DHL agar as described [10].

For the recovery of spiked bacteria from feces after neutralization of pH, the experiments were designed the same as bacterial 
recovery from feces using PBS, but after adding FdCa (OH)2 powder to the contaminated feces, followed by proper mixing, 
samples were incubated for different exposure times (3, 6 and 20 hr) at room temperature (25 ± 2°C) in a dark place. Then, 10 ml 
1M Tris-HCl (pH 7.2) was added on the mixture to stop FdCa (OH)2 powder activities and to harvest the remained bacteria from 
feces through mixing by vortex for about 1 min. Then, serial tenfold dilution was prepared per sample and plated on DHL agar as 
described above.

In order to confirm whether Tris-HCl is able to stop bactericidal activities of FdCa (OH)2 powder, 10 ml of Tris-HCl was added 
on the inoculated feces, after its incubation for the certain time periods with the control and then, FdCa (OH)2 powder was added, 
and the same procedure was conducted with the other samples. As there was no contact between bacteria with FdCa (OH)2 powder, 
it was recorded as 0 min contact times.

Table 1 shows bactericidal efficacies of different concentrations of FdCa (OH)2 powder on the bacteria during their recovery 
by PBS. When FdCa (OH)2 treated bacteria were recovered by PBS, these bacteria were inactivated with RF=4.53 (E. coli), and 
RF=4.59 (S. Infantis) within min, down to the detectable level (≤3.6 log10 CFU/ml), even at its low concentration (5%).

Table 1.	 Inactivation of bacteria by FdCa (OH)2 in feces during their 
recovery by PBS, within min

Concentration of FdCa (OH)2
RFa)

E. coli S. Infantis
5% ≥4.59 ± 0.00b) ≥4.53 ± 0.00
10% ≥4.59 ± 0.00b) ≥4.53 ± 0.00
20% ≥4.59 ± 0.00b ≥4.53 ± 0.00

Chicken feces were inoculated with bacteria in conical centrifuge tubes, 
and then, different amounts of FdCa (OH)2 powder was added on them and 
mixed properly, and soon thereafter, the remaining bacteria were harvested by 
adding 10 ml PBS. a) Reduction factor=log10 (titer of control/ml) −log10 (titer 
of treated samples/ml). b) Data represent mean ± standard deviation of three 
individual reactions.

Table 2.	 Bactericidal effects of FdCa (OH)2 powder towards the bacteria present in feces

Concentration of FdCa (OH)2 Bacteria
RFa)

0b) min 3 hr 6 hr
5% E. coli 0.00 ± 0.00 2.81 ± 1.31c) ≥4.53 ± 0.00

S. Infantis 0.00 ± 0.00 2.88 ± 1.60 ≥4.73 ± 0.00
10% E. coli 0.00 ± 0.00 ≥4.33 ± 0.00 ≥4.53 ± 0.00

S. Infantis 0.00 ± 0.00 ≥4.73 ± 0.00 ≥4.73 ± 0.00

Chicken feces were inoculated with bacteria in conical centrifuge tubes, and then, different amounts of FdCa 
(OH)2 powder  was  added  on  them and  mixed  properly,  kept  for  different  exposure  times,  and  then,  
the  remaining  bacteria  were harvested by 10 ml of 1 M Tris-HCl.  a) Reduction factor=log10 (titer of control/
ml) −log10 (titer of treated samples/ml). b) Incubation times. c) Data represent mean ± standard deviation of 
three different reactions.
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In a preliminary experiment, at 1 hr exposure time, even application of 30% concentrated FdCa (OH)2 powder reduced titer of 
the tested bacteria only with RF=2.1, less than the acceptable level (RF≥3.0), if bacteria were recovered after neutralization (data 
not shown). Table 2 illustrates efficacy of different percentage of FdCa (OH)2 powder on E. coli and S. Infantis in feces. In the 0 
min contact time, FdCa (OH)2 powder could not reduce titer of the tested bacteria at all (RF=0.0), but within 3 hr of exposure time, 
its 5% concentration reduced the titer of E. coli (RF=2.81), and S. Infantis (RF=2.88), which is under the acceptable level (RF≥3); 
however, when incubation time was increased to 6 hr, it was able to inactivate both tested bacteria down to the detectable level 
(RF≥4.5). Furthermore, FdCa (OH)2 powder in the higher concentration (10%) required 3 hr exposure time to decrease titer of 
tested bacteria down to the detectable limit (RF≥4.3).

Pathogens in contaminated feces play a critical role in the transmission of infectious diseases from one to other animals, as well 
as in the contamination of surrounding environments. Inactivation of pathogens present in the feces plays a fundamental role in the 
prevention of fecal-oral transmission of infections and in the enhancement of biosecurity at the livestock farms.

FdCa (OH)2 powder is a novel product, which is demonstrated as excellent bactericidal efficacies in chicken feces in the present 
study. FdCa (OH)2 powder efficacy was highly related to its pH value. When it was resuspended in PBS, the aqueous phase pH 
was found ≥13, but resuspended in 10 ml Tris-HCl, and as in the 0 min contact time, its pH decreased to around 8, and reduction of 
its pH resulted in ceasing of its efficacy (Table 2); as there was no reduction observed in the titer of exposed bacteria, it confirms 
the accuracy of our evaluation system.

Demonstration of an accurate evaluation system for appraising disinfectants is very important to prevent misleading results. 
Data on Tables 1 and 2 show a very considerable gap between the capacities of an alkaline agent to inactivate bacteria, as a result 
of inaccurate evaluation method. Inaccurate reports regarding bactericidal competence will cause outbreaks of diseases despite 
of application of alkaline agents as disinfectant at farms. Accurate evaluation method would minimize such severe error during 
application of disinfectants at farms. In addition to that, it will help farmers to design a better strategy for disease prevention and 
control, and finally would minimize the animal and public health concerns about infectious diseases.

In conclusion, the present study highlighted the misleading results of the alkaline agent’s evaluations as bactericides, their 
requirement for long exposure time in solid and the accuracy of the established evaluation methods for alkaline agents. The 
findings of this study can also help farmers to properly apply alkaline agents in appropriate concentrations and exposure times in 
their farms, in order to prevent and control infectious diseases outbreaks and to enhance biosecurity. Finally, the findings may help 
farmers to implement better strategies for controlling infections in their livestock farms.
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