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Abstract
It has been observed on a particular farm that the ze-
bra dove (Geopelia striata), also known as the “barred 
ground dove,” often frequents the feeding troughs in 
the weanling piglets pens. It was hypothesized that the 
birds contributed to incidences of diarrhea in the piglets. 
A simple study was initiated to examine the microbial 
population present in feed that had been exposed to the 
zebra doves. The treatments tested (n= 3 samples for 
each) were a) commercial piglet feed out of a sealed bag 
(control, C); b) commercial piglet feed exposed to air at 
the feed trough level with a net screen (air exposure, AE); 
and c) commercial piglet feed exposed to zebra doves 
(birds ate from the trough, BE). To simulate eating and 
digestion, 10g samples of feed were mixed with with 
90 ml of 1% peptone water, placed in a sterile bag, and 
subjected to 1 minute of blending in a Stomacher food 
processor at 260 rpm. The pH of the mixture was then 
lowered to 3.0–3.5 with hydrochloric acid to mimic the 
environment of the stomach. A sample of the mixture 
(the supernatant) was then plated on plate count agar 
and incubated for 24h at 350C. Cultures grown were 
then subjected to laboratory procedures leading to DNA 
sequencing. The results showed the presence of Bacil-
lus pumilus, Bacillus licheniformis, and Acetobacter 
indonesiensis in all BE samples and Leuconostoc mes-
enteriodes in one BE sample. This paper discusses the 
potential role of these bacteria in piglet health and their 
impact on public health.
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Introduction
Weaning is one of the most stressful times for any mam-
mal, and piglets are no different (Mardec et al. 1988). The 
young piglets are faced with changes in environment and 
diet, varying feed intake, dehydration, and new pathogens 
and social interactions. It is not uncommon for them 
to develop diarrhea under these circumstances, due to 
their exposure to enteric pathogens during a susceptible 
phase of growth (Vondruskova et al. 2010). Attempts 
to modify diets to help alleviate diarrhea and improve 
performance have yielded mixed results (Sorensen et al. 
2009, Bhandari et al. 2009). One of the possible factors 
identified as contributing to diarrhea is restricted feeding 
(Laine et al. 2008). 

In Hawai‘i’s sub-tropical environment it is common 
to find open housing systems for pig production, as 
opposed to the enclosed housing systems in the colder 
regions of the world. Such housing systems provide birds 
with the opportunity to scavenge for food in the pig pens. 
Birds are known to be carriers or transmitters of diseases 
(thepigsite.com). In a new piggery, it was observed that 
visits by the zebra dove (Geopelia striata) were often 
followed by incidences of diarrhea in weaned piglets. 
These birds enter into the pens directly by flying in and 
landing on the floor and feed troughs or just by walking 
through chain-link fence barrier between pens. Bird 
netting was effective in preventing the intrusion of zebra 
doves. However, there was no clear evidence that these 
birds were transmitting any microorganisms. They are 
ubiquitous in Hawai‘i, being found in parks, on sidewalks, 
in open dining areas and parking lots, etc. 
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Objectives
The objectives of this study were to determine if a) if 
zebra doves contaminate the piglets’ feed and b) identify 
the bacterial types found in the feed following exposure/
visitation by the birds. The study was self funded; hence, 
it has a limited scope. It is a study conducted at a single 
farm, using feed samples from that farm.

Materials and Methods
Commercial feed for piglets was obtained from bags 
that were sealed until time of sampling. Samples were 
then subjected to the following treatment: a) the control 
(C) treatment was put directly into a zip lock bag and 
sealed (n= 6); b) the “air exposure” (AE) treatment 
was placed in a container with bird netting over it and 
the container was placed on a chair next to the pig pen 
for air exposure for 30 minutes (n=6); and c) the “bird 
exposure” (BE) treatment was placed in a trough, where 
birds were allowed to feed on it for a minimum of 30 
minutes (n=3). From each treatment, a minimum of 3 
samples were taken for microbial studies in the labora-

tory. [The microbial studies were limited to 3 samples 
from each treatment because of cost limitations.]

In the laboratory, 10g of samples were weighed 
from each treatment and diluted with 90ml of 1% sterile 
peptone water. This mixture was then subjected to 1 
minute of blending in a Stomacher food processor at 260 
rpm. The pH of the mixture was then lowered to 3.0–3.5 
with hydrochloric acid to mimic the environment of the 
stomach. A sample of the treated mixture, the superna-
tant, was further diluted prior to plating on plate count 
agar and incubated for 24h at 350C. The cultures grown 
were then subjected to laboratory procedures leading to 
DNA sequencing.

Bacterial Isolation: Based on morphological ap-
pearance in the culture plates, six colonies were selected 
and streaked for further isolation of bacteria. These 
colonies were then placed into a tryptic soy broth and 
incubated for 24h at 350C. A small amount of this culture 
was then prepared for polymerase chain reaction (PCR) 
technique for amplification of 16S rDNA fragments 
(Vliegen et al. 2006). The samples were then subjected to 

A B

Figure 1. The feed for piglets was subjected to air exposure (A) and bird exposure (B) for a minimum of 30 minutes.
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gel electrophoresis. Samples were also sent to a DNA lab 
for nucleic acid sequencing, and the results were matched 
to the BLAST system for bacterial determination.

Results and Discussion
The exposure of the feed to air and to birds is illustrated 
in Figures 1A and 1B. In the AE treatment, the feed was 
protected by bird netting to prevent any direct contact. 
No birds came close to the feed samples. In the BE treat-
ment, the birds were allowed to consume the feed and 
walk over it freely. Each exposure was for a minimum 
of 30 minutes. 

The concentration of bacteria in the various feed 
samples is presented in Figure 2. Samples from the sealed 
bags showed low bacteria count (3%) when compared 
to AE samples (29%). Samples from BE had the highest 
bacteria number in culture, contributing to 68% of total 
bacteria counts.

The gel electrophoresis for the 16S rDNA amplicons 
from the isolated bacteria is presented in Figure 3. The far 
left column is the standard and the other bands showed 
the presence of bacteria for each column. DNA sequenc-
ing showed BE samples had 3 major groups of bacteria 
species: Acetobacter indonesiensis, Bacillus pumilus, 
and Bacillus licheniformis. Acetobacter indonesiensis is 
one of the 34 sub-species of Acetobacter that have been 

identified (Cleenwerck et al. 2002). Some of this group 
has been reported to cause pneumonia in lung transplant 
patients (Bittar et al. 2008).

The Gram-positive spore-forming Bacillus pumilus 
resides in soils, which explains why zebra doves, which 
spend a huge amount of time walking on the ground 
searching for food, are carriers of this microbe. This 
bacterium has a wide range of symbiotic relationships 
with plants and has been known to promote rhizobateria 
among the roots of peppers and wheat (Joo et al. 2004, 
Sari et al. 2007). In general, this bacteria is harmless, al-
though there are reports of its being resistant to hydrogen 
peroxide. It can also be opportunistic, as in a reported 
case involving an immunocompetent child (Bentur et 
al. 2007).

Bacillus licheniformis is a ubiquitous soil bacteria 
often associated with plant material. This bacteria is 
commonly found on bird feathers and has known to be 
involved in molting in birds. This spore-forming bacillus 
has been reported to cause abortion in pigs (Kirkride et 
al. 1986) and sheep (Mason and Munday 1968), espe-
cially in livestock that already have compromised im-
mune states. This bacterium has also been demonstrated 
in food spoilage (Pepe et al. 2003). The endospores 
formed from Bacillus licheniformis are heat resistant 
and cannot be destroyed in the baking process. Toxins 
from these bacteria can result in stomach pains, diarrhea, 
and sometimes vomiting. The food-borne gastro-enteritis 
can lead to septicaemia (Salkinoja-Salonen et al. 1999). 
Interestingly, the sub-strain of this bacillus (SB3086) 
has fungicidal properties in plants (Hutton et al. 2001). 

The total bacteria count in various types of samples 
is depicted in Figure 4. The data showed that feed 
samples from the piglet trough had the highest bacte-
ria count. Trough samples (leftover feed) had 433,333 
colony-forming units (cfu) per gram of feed compared 
to 44,167 cfu/gm for BE samples, under 2,700 cfu/gm for 
AE, and 1,100 cfu/gm for feed from the bag. Hence, it is 
very possible that over time, the bacteria transmitted by 
the zebra doves to the feed increased in numbers. The 
high concentration of bacteria in the leftover feed could 
be the cause of diarrhea when ingested by the piglets. Pig-
lets stressed from weaning would be vulnerable to such 
contaminated feed because they have lowered immune 
defense mechanisms as they are transitioning from pas-
sive immunity to active immunity (Coffery et al. 1995).

Figure 2. A pie chart representing the distribution of the 
number of bacteria colonies observed in feed: Control 
– feed from the sealed bag; Air: – feed following 30 min-
utes of air exposure in proximity to the pigpen, and Bird 
– feed following 30 minutes of bird exposure (free choice). 
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Summary and Impact
The data from this study (limited and constrained by 
funding) suggest that the zebra dove is capable of car-
rying and transmitting potentially harmful bacteria to 
mammals. The zebra doves are found everywhere in 
Hawai‘i, often in close proximity to human facilities, 
especially dining areas. This suggests the potential 
risks to human health, especially to infants, children, 
and individuals with compromised immune systems. 
An expanded study would shed more information to the 
public health risks and animal well-being issues associ-
ated with the zebra dove.
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