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Lyophilisation improves the extraction
of PCR-quality community DNA from
pig faecal samples
Raquel Ruiz∗ and Luis A Rubio

Abstract

BACKGROUND: Faeces are increasingly used as sources of DNA for genetic and ecological studies. Although multiple methods
to preserve faecal samples prior to DNA extraction have been used (e.g., 70% or absolute ethanol, freezing at −20 ◦C or in
liquid nitrogen) no information is at present available in the literature on the use of lyophilised faeces. Accordingly, the yield
and quality of the community DNA obtained by using four different commercial DNA extraction kits (QIAamp DNA Stool Mini
Kit, REALPURE Spin Kit, SPEEDTOOLS Tissue DNA Extraction Kit, and JETQUICK Tissue DNA Spin Kit) from fresh and lyophilised
samples of faeces were studied here.

RESULTS: The use of lyophilised faeces resulted in a 1.5- to 2-fold increase in DNA recovery relative to the use of fresh faeces
regardless of the kit used. Among the four kits tested, the best results were obtained with the QIAamp DNA Stool Mini Kit.
Community DNA obtained from lyophilised faeces also provided the best restriction fragment length polymorphism (PCR–RFLP)
profiles, which should guarantee a better representation of the microbial diversity present in faecal samples.

CONCLUSION: As compared with using fresh faecal samples for pig faecal microbiota studies, lyophilisation improved both
DNA yield and quality of the information arising from the PCR–RFLP method of analysis.
c© 2009 Society of Chemical Industry
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INTRODUCTION
The gastrointestinal tract (GIT) of vertebrates harbours a complex
microbial ecosystem which is characterised by high population
density, wide diversity and complexity of interactions. The com-
position and activity of this microbiota have a profound influence
on health and disease through their involvement in nutrition,
physiology, immunology and protection of the host.1,2 Tradi-
tional methods for identifying and characterising bacteria in the
gut microbiota include various anaerobic culture techniques,
bacteriological isolations, biochemical tests, morphological ex-
amination, analysis of volatile and non-volatile fatty acid produc-
tion and gas–liquid chromatography of bacterial cellular fatty
acids.2 – 4 These methods are extremely labour-intensive and time-
consuming. However, the enumeration and identification of all
community members have tremendous limitations because the
culturable fraction is still a minority. These limitations can be over-
come by using molecular tools based on 16S rRNA such as PCR
cloning, denaturing and temperature gradient gel electrophore-
sis (DGGE and TGGE),5,6 fluorescence in situ hybridisation (FISH),7

single-strand conformational polymorphism (SSCP),8 restriction
fragment length polymorphism (RFLP)9 and terminal restriction
fragment length polymorphism (T-RFLP).10 These procedures have
been successfully applied in gut microbial ecology and made it
possible to study the composition and diversity of intestinal flora
without the need for cultivation. DNA-based methods require that
DNA can be extracted from the intestinal sample in sufficient
quantity, free from excess fragmentation and contaminants, and

in a way that is representative of the true species distribution and
abundance in the specific environment. The complex microbial
flora, variable consistency and variable endogenous and dietary
components of faeces make DNA extraction particularly difficult.

Several methods for the extraction of DNA from the vertebrate
gut have been described,11,12 and a number of commercial kits are
available. Some of these have been specifically developed for fae-
cal analysis, as faeces contain several inhibitors of the polymerase
chain reaction (PCR), such as bile salts, haemoglobin degrada-
tion products and complex polysaccharides.13 – 15 However, the
efficiency of DNA extraction is typically affected by various fac-
tors, such as incomplete cell lysis, DNA adsorption to particulate
material and degradation or damage of DNA.16 DNA in faeces
is probably affected by hydrolytic and oxidative damage, and
conceivably enzymatic degradation, similar to DNA in ancient tis-
sues and bones.17 Preservation of faecal material by lyophilisation
might represent a useful tool to prevent the hydrolytic damage of
DNA and the enzymatic degradation by inactivation of degrada-
tive enzymes.18 Commercial kits for DNA isolation from faeces use
fresh or preserved faeces (in preservation fluids) to obtain DNA
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suitable for use in various PCR-based studies of microbial diver-
sity. There is no information concerning DNA yields using these
methods with lyophilised faeces.

Accordingly, the objective of the present work was to study
the DNA yields obtained with fresh and lyophilised faeces as
starting material by using four commercial kits: QIAamp DNA
Stool Mini Kit (Qiagen, Barcelona, Spain), REALPURE Spin Kit
(Durviz, Valencia, Spain), SPEEDTOOLS Tissue DNA Extraction Kit
(Biotools, Madrid, Spain), and the JETQUICK Tissue DNA Spin Kit
(Genycell, Granada, Spain).

EXPERIMENTAL
Sampling
All management and experimental procedures were carried out in
strict accordance with the guidelines of good practice of laboratory
animals of the Spanish Ministry of Agriculture (Act No. 1201/2005,
10 October 2005), by staff trained to carry out such procedures.
A fresh faecal sample was obtained immediately after defecation
from three healthy pigs (20 ± 2 kg mean live body weight) housed
individually in 4 m2 pens that had received an equilibrated cereal-
based diet free of any antimicrobial agent. The faecal sample from
each pig was mixed thoroughly and divided into two portions:
one was subdivided into three aliquots (206 ± 5 mg) which were
immediately used for DNA extraction, and the other was stored at
−80 ◦C until freeze drying in a Genesys SQ25EL lyophiliser (VirTis
Co, New York, USA). Freeze-dried samples were weighed and also
subdivided into two new portions: one was stored in a hermetically
sealed tube at 4 ◦C after coarse grinding with mortar and pestle (L,
lyophilised), and the other was finely ground (LG, lyophilised and
ground) in a Micro Hammer Cutter mill (Glen Creston, London,
UK) with a 1 mm screen to obtain a homogeneous powdered
sample which was stored in a hermetically sealed tube at 4 ◦C.
DNA extraction from coarse grinding was included in order to
determine if the increase in DNA yield may result from grinding,
rather than lyophilisation. Faecal water content was 74.46%±1.64.
Appropriate amounts (49.9 ± 1.5 mg) of L or LG faeces (equivalent
to 206 ± 5 mg of fresh faeces) were used for DNA extraction.

DNA extraction procedures
The commercial DNA extraction kits assessed here have been
specifically developed for faecal analysis, as faeces contain con-
taminants that may inhibit subsequent molecular analysis.14,19,20

These kits use a lysis buffer which contains a detergent to disrupt
cellular membranes, and a protease (proteinase K) for digestion
of cellular and intracellular proteins. Digestion with lysozyme was
also used for the breakdown of the Gram-positive bacteria cell
walls. The four commercial kits utilised here use a column-based
purification method.

DNA extraction for each method and sample was run in
duplicate following manufacturer’s recommendations, with the
following modifications incorporated to improve the bacterial cell
rupture. When the QIAamp DNA Stool Mini kit was used, the
recommended lysis temperature was increased to 95 ◦C and a
subsequent incubation step with lysozyme (10 mg mL−1, 37 ◦C,
30 min) was added. When REALPURE Spin Kit, SPEEDTOOLS Tissue
DNA Extraction Kit and JETQUICK Tissue DNA Spin Kit were used,
after addition of the respective re-suspension buffer, samples were
heated at 95 ◦C for 5 min. Quality of the community DNA obtained
was evaluated by 2% (w/v) agarose gel electrophoresis.

Quantification of DNA
DNA concentration of each extract was determined spec-
trophotometrically with the NanoDrop ND-1000 UV–visible
spectrophotometer (NanoDrop Technologies, Wilmington, DE,
USA). DNA yields (µg DNA g−1 of sample) were calculated by
taking into account DNA concentrations (average of six replicate
extractions), and amounts of sample (dry matter basis) used for
DNA extraction.21

PCR–RFLP analysis
In order to analyse the total bacteria in faeces, a 580 bp fragment
of the 16S rRNA gene was amplified from DNA extracts by PCR
using primers specific to conserved sequences flanking variable
regions V3, V4, and V5: 5-CTACGGGAGGCAGCAGT-3 (forward)
and 5-CCGTCWATTCMTTTGAGTTT-3 (reverse). Primer and PCR
reaction conditions were those described by Lane.22 Negative
controls, containing all the components except DNA templates
were included in parallel. The reaction was performed using
a Px2 Thermal Cycler (Thermo Electron Corporation, Waltham,
Massachusetts). The DNA amplification conditions were 94 ◦C
(4 min); 35 cycles of denaturation at 94 ◦C (1 min), annealing at
45 ◦C (1 min) with an increment of 0,1 ◦C per cycle, extension
at 72 ◦C (1 min 15 s); and a final extension at 72 ◦C (15 min).
After visual confirmation of the PCR products with agarose
gel electrophoresis, four independent enzymatic restrictions
were carried out with the enzymes AluI, RsaI, HpaII and CfoI
(Hoffmann–LaRoche, Basel, Switzerland). The digestions were
carried out for 3 h, as recommended by the manufacturer, with
appropriate restriction buffers at the recommended temperature.
Different fragments were separated using a 2% (w/v) high-
resolution agarose gel.9

Statistical analysis
The experimental data were subjected to one-way (Table 1) or
two-way analysis of variance (Table 2) as a randomised design
with commercial kit (four kits), type of sample (fresh, L and LG) and
experimental replicate (block) as factors using a computer software
package (SPSS 15.0 for Windows, SPSS Inc., 2006). Differences
between means were obtained by using the Bonferroni’s multiple
comparison test.

RESULTS AND DISCUSSION
Starting samples of 206 ± 5 mg of fresh faeces, corresponding to
49.9 ± 1.5 mg of lyophilised faeces, were used for all protocols to
ensure uniformity. Yield and quality for each isolation method are
summarised in Table 1. Regardless of the commercial kits used to
extract the community DNA, the best yields were obtained with
lyophilised samples irrespective of the coarse or fine grinding used
(that is L or LG), these improvements representing a 1.5- to 2-fold
increase in DNA recovery relative to the use of fresh faeces. The
JETQUICK Tissue DNA Spin Kit produced the highest yield, as this
method recovered 1157.75 µg of community DNA per gram of
sample. However, the ratio of absorbance at 260 nm respect to
that at 280 nm (A260 : A280) was 1.55, which is usually indicative of
protein contamination.23 Additional phenol extraction steps may
be necessary to remove contaminating proteins. Intermediate
yields (µg g−1 sample) were obtained by using the QIAamp
DNA Stool Mini Kit (464.11 µg g−1) and the REALPURE Spin Kit
(592.35 µg g−1), but only the QIAamp DNA Stool Mini Kit provided
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Table 1. Yield and quality of community DNA (µg g−1 sample) extracted with four different commercial kits using fresh or lyophilised faecal samples

Commercial kit Faecal sample∗ Average DNA yield (µg g−1 sample)† Average A260/280 quality

QIAamp DNA Stool Mini Kit Fresh 275.25 (37.98)a 2.02 (0.07)

L 590.74 (72.32)b 2.06 (0.07)

LG 526.34 (71.76)b 2.08 (0.05)

REALPURE Spin Kit Fresh 450.11 (48.28)a 1.65 (0.07)

L 643.95 (54.23)b 1.78 (0.14)

LG 682.98 (82.93)b 1.68 (0.17)

SPEEDTOOLS Tissue DNA Extraction Kit Fresh 119.47 (11.79)a 1.67 (0.07)

L 225.43 (49.13)b 1.72 (0.11)

LG 250.19 (17.11)b 1.72 (0.05)

JETQUICK Tissue DNA Spin Kit Fresh 798.72 (155.8)a 1.56 (0.05)

L 1400.56 (177.3)b 1.58 (0.08)

LG 1273.98 (57.62)b 1.51 (0.08)

∗ L, lyophilised and coarsely ground (mortar and pestle); LG, lyophilised and finely ground (hammer mill).
† DNA yield from 206 ± 5 mg for fresh faecal samples, corresponding to 49.9 ± 1.5 mg of L and LG samples. Values are means of six replicates with
standard errors in parentheses.
Values in each column for each kit with different superscript letters were significantly different (P < 0.05).

Table 2. Effect of the commercial kit and type of faecal sample used
to extract DNA on the yield and quality of community DNA obtained

Kit or sample Average DNA yield Average A260/280 quality

Commercial kit

JET QUICK 1157.75a 1.55a

REALPURE 592.35b 1.70b

QIAamp 464.11c 2.05c

SPEEDTOOLS 198.36d 1.7b

Faecal sample

L 715.17a 1.78

LG 683.38a 1.75

Fresh 410.89b 1.72

SEM 10.69 0.012

A × C† ∗ NS

L, lyophilised and coarsely ground (mortar and pestle); LG, lyophilised
and finely ground (hammer mill).
For each factor (commercial kit, faecal sample), means in the same row
with different superscript letters differ (P < 0.05).
A × C is the significance of the interaction, commercial kit × faecal
sample. ∗ P < 0.05; NS, not significant; SEM, standard error of the mean.
† Two-way ANOVA analysis.

an A260 : A280 ratio higher than 1.8, indicating extraction of high-
purity DNA. In our laboratory work conditions, the least efficient
method was the SPEEDTOOLS Tissue DNA Extraction Kit, which
yielded 198.36 µg g−1 and an A260 : A280 ratio of 1.7 (Table 2). In
addition, there were no significant differences (P = 0.1) between L
and LG samples either for values within each kit (Table 1) or taking
into account all samples analysed (Table 2). Therefore, the increase
in the yield of community DNA was due to the lyophilisation step,
and not to the grinding step.

The quality of recovered DNA is shown in Fig. 1. Agarose
gel visualisation of the community DNA obtained showed some
shearing, but except for samples obtained with the SPEEDTOOLS
Tissue DNA kit, an obvious band of high molecular weight DNA
indicates the existence of high-quality DNA. Reduced shearing is
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Figure 1. Agarose gel electrophoresis of the community DNA extracted
from faecal samples. Community DNA obtained from a fresh (F) or
lyophilised and finely ground (LG) faecal sample with a QIAamp DNA
Stool Mini Kit (Q), JETQUICK Tissue DNA Spin Kit (J), REALPURE Spin Kit (R),
and SPEEDTOOLS Tissue DNA Extraction Kit (S). Samples (5 µL) were loaded
onto a 2% (w/v) agarose gel. M, DNA size marker (lambda DNA digested
with HindIII). Numbers on the left of the figure are size, in base pairs.

an important factor for minimising the generation of chimeras
during PCR analysis.24 The cell lysing method used in the DNA
extraction procedure may influence the degree of shearing of the
isolated DNA. Efficient lysis is essential because both DNA yield
and the representation of the diversity in the community DNA
sample depend on adequate cell lysis. Inefficient and/or species-
dependent lysis will introduce methodological bias when the
species composition is examined through total DNA analysis.12
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Figure 2. PCR–RFLP analysis. Gel electrophoresis of the PCR-amplified V3,
V4 and V5 regions of the 16S rRNA gene restricted with the enzymes Alu I,
Cfo I, Hpa II and Rsa I from the DNA extracted from a fresh (F) or lyophilised
and finely ground (LG) faecal sample using the QIAamp DNA Stool Mini
Kit. The asterisk (∗) indicates extra bands or bands with increased intensity
derived from the DNA obtained from the LG faecal sample. M, marker.
Numbers to the left of the figure are size, in base pairs.

Lysis may be achieved by chemical, mechanical or enzymatic
procedures. Physical methods, such as sonication or bead beating,
generally cause severe DNA shearing.25,26 The commercial DNA
extraction kits assessed here are based on chemical and enzymatic
cell lysing, which results in DNA of high molecular weight.27 DNA
obtained with QIAamp DNA Stool Mini Kit showed the best quality,
both samples showing almost no shearing. The appropriateness of
this kit for the studies of gut microbial ecology and its effectiveness
in processing multiple samples for cell lysis and DNA extraction
has been described previously.10,15,28

The quality of the community DNA obtained from lyophilised
samples was further validated by PCR–RFLP analysis (Fig. 2).
The total number of different bands obtained from the four
independent restriction digestions is a measure of the degree
of microbial richness, and the size and intensity of the bands
generated are routinely used in a descriptive and comparative
manner.9 The band pattern obtained with community DNA
from lyophilised samples showed some extra bands and several
other more intense bands, and therefore samples obtained from
lyophilised faeces are likely to be more representative of the
bacterial communities than those obtained from fresh faeces.

As shown in the current work, lyophilisation of faecal samples
improves both DNA yield and quality of representative community
DNA with respect to fresh samples. Therefore, studies of microbial
diversity and community structure will be best supported with this
method for faecal preservation. Also, lyophilisation is a feasible,
cheap and practical alternative for long-term storage of faecal
samples for other purposes, and it may be also used prior to DNA
extraction for molecular studies.

CONCLUSION
Although multiple methods for faecal preservation have been
described,17,29 as far as we know no studies on DNA extraction from
lyophilised faeces have been reported previously. As compared
with using fresh faecal samples for pig faecal microbiota studies,
lyophilisation improved both DNA yield and quality of the
information arising from the PCR–RFLP method of analysis.
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