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A continuous-flow porcine cecal bacterial culture has been used experimentally as treatment against ente-
rotoxigenic Escherichia coli in weanling pigs. Periodically, the cultures must be started from frozen stock. Our
results indicate that denaturing gradient gel electrophoresis can be applied as an indirect indication of culture
similarity for each new batch generated from frozen stock.

Beneficial commensal gastrointestinal bacteria provide pro-
tection in young pigs against enteropathogens and present
barriers to host cell invasion. Dietary changes and weaning
impose stresses that may disrupt commensal populations and
promote colonization with enterotoxigenic Escherichia coli
(ETEC) (11). Colonization with ETEC can disrupt nutrient
absorption accompanied by diarrhea. Antibiotic treatment pre-
sents the potential for the emergence of antibiotic-resistant
organisms as well as the disruption of the normal digestive
microflora (1, 3).

A porcine continuous-flow (PCF) culture been proven to be
effective against ETEC in weanling pigs (2, 5–8). Periodically,
new PCF cultures must be started from frozen stock. The
objective of the current study was to examine the usefulness of
denaturing gradient gel electrophoresis (DGGE) to determine
similarities of PCF cultures derived at different times from
frozen stock. In three separate trials, frozen stock from a pre-
viously established PCF culture was used as a starter culture
for new PCF cultures. Triplicate samples were collected from
each culture at 0, 4, 8, and 12 h and then at 24-h intervals from
0 h for the next 9 days. Samples were used to determine
aerobic and anaerobic CFU/ml, pH, lactic acid, and volatile
fatty acid (acetic, propionic, and butyric acids) concentrations
(10) and DGGE profiles (9, 12).

Facultative bacterial populations at 0 h were 5.65, 5.72, and
5.72 log10 CFU/ml for trials 1, 2, and 3, respectively. Cell
counts at 10 days were 6.28, 6.77, and 6.81 log10 CFU/ml in the
three trials, respectively. Total anaerobe log10 CFU/ml in-
creased from 6.61, 6.08, and 7.23 at 0 h to 8.38, 8.11, and 8.66,
respectively, by 10 days. Other than indicating that the cultures
are growing well, cell counts do not tell too much about the
comparative qualities of culture in each trial. Culture pH at 1
day in trial 3 was 5.3 compared to 5.7 and 5.7, respectively, for

trials 1 and 2. By 10 days, pH stabilized to 5.9, 5.8, and 6.1,
respectively, for trials 1, 2, and 3.

Acetic acid levels were the highest of the three volatile fatty
acids examined. Average levels for the three cultures ranged
from 23.30 to 43.83 �mol/ml for the full 10 days. The propionic
acid level was lower, and averages for the full 10 days for the
three cultures ranged from 4.30 to 14.78 �mol/ml. Butyric acid
averages in the three trials by 10 days ranged from 7.76 to 15.93
�mol/ml. Lactic acid concentrations for the three trials varied
during the 10 days starting at 0 h at 21.7, 19.7, and 3.4 �mol/ml
and stabilizing at 25.4, 27.1, and 2.8 �mol/ml by 10 days, re-
spectively, for trials 1, 2, and 3. Interestingly, lactic acid levels
were measured at 1 day, when the levels in trial 3 were 169
�mol/ml, while levels in the other two trials remained relatively
modest. This difference alone hinted that the culture in trial 3
was somewhat different from those in the other trials.

Genomic DNA for DGGE was isolated from 1 ml of each
sample with a QIAamp DNA mini kit (Qiagen, Valencia, CA)
according to the method described in the kit. DGGE was run
according to the method of Muyzer et al. (12), with modifica-
tion (9), using PCR primers to conserved regions flanking the
variable V3 region of 16S ribosomal DNA (12). Fragment
pattern relatedness was determined with molecular analysis
fingerprinting software, version 1.6 (Bio-Rad Laboratories,
Hercules, CA), based on the Dice similarity coefficient and the
unweighted-pair group method using arithmetic averages for
clustering (Fig. 1). The DGGE profiles were digitized and
converted to a binary matrix using a set of scripts written in the
Python programming language (Python Software Foundation,
Hampton, NH). The data analysis was carried out with the R
statistical software (Foundation for Statistical Computing, Vi-
enna, Austria; http://www.R-project.org) using various R-pack-
ages, the similarity matrix was computed based on Sorensen’s
coefficient using the ade4 package (4), and clustering and cor-
respondence analysis were carried out using the vegan package
(J. Oksanen, R. Kindt, P. Legendre, B. O’Hara, M. Henry, and
H. Stevens, Community ecology package, version 1.8-8; http:
//cran.r-project.org/ and http://r-forge.r-project.org/projects
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/vegan/). The significance of clustering was tested using
TreeClimber (15). A cladogram was obtained from the
similarity matrix, which was calculated according to the
Sorensen coefficient, 2A/(2A � B � C), where A is the number

of bands that occur in both lanes, B is the number of bands
found only in the first lane, and C is the number of bands found
only in the second lane. The resulting cluster is divided into
three major clades: the first contains all of the samples from
trial 3 and includes the 12-h sample from trial 2, the second
contains samples for 2 to 7 days from trial 2, and the third
contains all of the remaining samples from trials 1 and 2 and
includes the 7-day sample from trial 3. To assess the reliability
of the observed clusters, a parsimony test was performed using
the TreeClimber software. The analysis showed that there
were significant differences among the community structures of
the three trial groups, while there were no significant
differences observed among time groups. A detrended
correspondence analysis was conducted to produce a two
-dimensional plot of the major variation in the data set and
displayed the results of clustering on the ordination space.
Cluster 1 and cluster 2 overlap, and points in those groups are
very close, which means that the profiles are very similar (Fig.
2). Profiles from trial 3 occupy a distinct space on the
ordination diagram. The various environmental parameters
were overlaid on the ordination space to determine if there was
a correlation between the environmental parameters and
DGGE profiles (Fig. 3). The most significant parameter was
butyric acid. A Mantel test was conducted comparing the
similarity matrix of DGGE profiles with the distance matrix of
the environmental parameters. The trials showed no correlation
with environmental parameters. Additionally, Mantel tests were
conducted with each environmental parameter separately and
analyses showed a significant correlation with butyric acid for trial
1 and for trial 3.

The results indicate that DGGE band analysis can be ap-
plied as an indirect indication of culture similarity for each new
batch generated from frozen stock. Nisbet et al. (13, 14) intro-
duced the idea of maintaining commensal probiotic cultures as
continuous-flow cultures. Decreased batch-to-batch variation

FIG. 1. Dendrograms for trials 1 (top panel), 2 (middle panel), and
3 (bottom panel) for swine cecal bacterial continuous-flow chemostat
cultures.

FIG. 2. Cladogram from the similarity matrix calculated according
to the Sorensen coefficient.
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and the opportunity to identify culture microbial components
made the technology more appropriate for continued use and
efficacy than cultures freshly acquired from changing animal
sources. Routine fluctuations in culture characteristics may be
misinterpreted, and valuable time and resources may be sacri-
ficed before a decision (possibly incorrect) can be made to
terminate the culture. These results indicate that DGGE holds
the potential to shorten the decision-making time between a
putative contaminating event and halting production of a new
continuous-flow subculture.

Mention of trade names or commercial products in this article is
solely for the purpose of providing specific information and does not
imply recommendation or endorsement by the U.S. Department of
Agriculture.
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FIG. 3. Detrended correspondence analysis (DCA) of the major variation in the data set and the results of clustering on the ordination space
(The first number indicates the time in hours or days. The second number indicates trial 1, 2, or 3).
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