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Abstract

A correlation has been previously described between bifidobacteria counts before and after the
use of a dietary additive in human studies. However, to our knowledge no information on this top-
ic has yet been reported in animals, and no information exists either on similar possible correla-
tions of bacterial groups other than bifidobacteria. The potential prebiotic effects of di-D-fructose
dianhydride (DFA)-enriched caramels have been previously reported in laboratory animals, poul-
try and pigs. In the present work, twelve growing male castrated pigs (41.8 + 1.9 kg mean BW)
were fed in succession on a control (no additive) or DFA-enriched caramel (20 g/kg) containing
diet. Another group of 10 pigs (38.0 + 3.7 kg mean BW) fed on a control diet without any additive
was used as negative control. Bacterial logio number of copies of the 16S rRNA gene was deter-
mined in fecal samples by using qPCR. Increased (P < 0.05) lactobacilli, Clostridium coccoides/Eu-
bacterium rectale and bacteroides group logio number of copies were determined in fecal samples
of pigs fed on the caramel containing diet compared with non-caramel controls. In addition, for all
bacterial groups studied microbiological values co-variated with initial counts and, except for en-
terobacteria, variations in the fecal bacterial numbers after caramel supplementation correlated
(P < 0.05) with the fecal numbers before supplementation. In conclusion, the supplementation of
pig diets with DFA-enriched caramels induced significant increases in the fecal number of copies
of bacterial groups regarded as beneficial, and variations in the fecal number of copies correlated
with the initial fecal number of copies.
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1. Introduction

Evidence showing that antibiotic resistance genes can be transmitted from animal to human microbiota [1], and
the detection of pathogenic bacteria resistant to a number of antimicrobial agents [2], have resulted in the full
ban of antibiotic growth promoters (AGP) in animal production in the European Union from January 2006 on-
wards (EC Regulation 1831/2003; http://eur-lex.europa.eu/en/index.htm). This situation has imposed a high
pressure on producers, leading also to an increased investigation on alternative new feed additives with the ben-
efits of AGP, but without their observed drawbacks. Among these feed additives, some of the most studied are
pre- and probiotics. Di-D-fructose dianhydride (DFA)-enriched caramels represent a promising group of addi-
tives with potential prebiotic effect which deserve experimental attention [3]. Their prebiotic effect has been
previously reported in laboratory animals [4], poultry [5] and pigs [6].

A prebiatic is currently defined as “a selectively fermented ingredient that allows specific changes, both in the
composition and/or activity in the gastrointestinal microbiota that confers benefits upon host wellbeing and
health” [7]. Among the most widely studied and commercially used prebiotics are inulin, fructooligosaccharides
(FOS), and galactooligosaccharides (GOS). Although partially fermented, prebiotics are recalcitrant to digestion
by host-secreted enzymes in the small intestine, such that significant amounts reach the colon intact. They then
become available to those members of the colonic microbiota considered as beneficial and metabolically
equipped to metabolize these specific oligosaccharides.

On the other hand, some controversy exists in the literature on the influence, if any, of the dose utilized and of
the starting number of bacteria on the effect of a given prebiotic [8]. This is potentially quite relevant because
the effectiveness of a prebiotic on a given individual might depend, among other factors, also on the composi-
tion of the intestinal microbiota at the moment when it is introduced in the diet. Also, the effectiveness of in-
cluding a given type of additive with prebiotic effect in the diet of a given individual might be anticipated to
some extent. Accordingly, the aim of the present work was to determine if the effect of an additive, namely a
DFA-enriched caramel obtained from D-fructose, on the counts of some groups of the pig’s fecal microbiota
might be correlated with the starting or initial values for those particular groups. This correlation has been pre-
viously described for bifidobacteria in human studies [7], but no information on this topic has yet been reported
to our knowledge in animals. Also, no information exists on similar possible correlations of bacterial groups
other than bifidobacteria. Finally, besides the potential interest of these additives in animal nutrition, the pig was
also chosen as experimental animal in the current study because it is at present considered one of the best mod-
els for humans as far as intestinal physiology is concerned [9]. It is worth mentioning also that DFA are natural
constituents of caramel [10] [11] and other sugar-rich foods, therefore being already present in the daily human
diet.

2. Materials and Methods
2.1. Additive, Animals and Sample Collection

The caramel here used was obtained from D-fructose as previously described [12] [13], by using a newly devel-
oped technology to produce caramels with high DFA and glycosyl-DFA content (>60%). The procedure is based
in the activation of D-fructose or mixtures of different carbohydrates containing D-fructose by strongly acidic
ion-exchange resins. The final DFA-enriched caramel contained 18.5% D-fructose, 31.6% DAF and 48% gly-
cosyl-DAF.

Male castrated pigs of the Iberian breed were purchased from Sanchez Romero Carvajal S.A. (Huelva, Spain).
Twelve animals (41.8 + 1.9 kg mean BW) were housed individually in 4 m? pens in a temperature controlled
(20°C £ 1°C) room. A commercial feed (Table 1) free of antibiotics or any other antimicrobial agents was used
as control diet and given at about twice the maintenance requirement for energy (MEm = 458 kJ per kg 0.75
BW). Pigs were fed in one meal of 1.5 kg per day at 09:00 a.m., and water was freely available from low pressure
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Table 1. Composition of the control diet.

Component g/kg
Wheat 385
Barley 300
Maize 200

Maize gluten 39
Soy concentrate 46% 17
Soybean oil 15
Calcium phosphate 9
Calcium carbonate 9
Sodium chloride 5
Vit + min mix* 10
Lysine 6.2
Threonine 15
Methionine 0.3
Chromium oxide 3

Calculated composition

Metabolizable energy (kJ/g) 13.0

Crude protein 130.0

Crude fiber 35.6

Fat 33.8
Calcium 6.0
Phosphorous 5.0
Methionine + Cysteine 5.3
Lysine 9.1

The vit. + min. mix contained (per kg): vitamin A, 500,000 1U; vitamin Dj,
100,000 1U; vitamin E, 200 mg; vitamin B,, 67 mg; vitamin B, 267 mg;
vitamin Bi,, 133 pg; vitamin Bg, 67 mg; calcium pantothenate, 667 mg;
nicotinic acid, 1333 mg; folic acid, 25 mg; vitamin K3, 67 mg; coline clo-
ride, 6700 mg; Fe, 8000 mg; Cu, 1500 mg; Co, 0.75 mg; Zn, 7000 mg; Mn,
4000 mg; I, 42 mg; Se, 16 mg; etoxiquin, 66 mg.

drinking nipples. The animals were fed first on the control diet for 14 d and then on the caramel diet for another
14 d (11 d adaptation and 3 d collection periods in both cases). The caramel diet was the control diet supple-
mented with caramel (20 g/kg as fed basis). The caramel was solubilized in water (1:1 v:v) before it was mixed
with the diet. Fecal samples were taken on days 12 - 14 in plastic bags immediately after they were produced
after the morning feeding, and stored at —80°C. Samples from each day and animal were mixed, freeze dried and
ground for further analysis [14]. Another group of 10 pigs (38.0 £ 3.7 kg mean BW) fed only on a control diet
for the same period of time was used as negative control. Fecal samples at the beginning (initial) and end (final)
of the period were taken from this group of pigs as for the other group of animals. Comparisons between initial
and final values were done for each group of animals. Values between groups were not compared. All manage-
ment and experimental procedures carried out in this study were done in strict accordance with the appropriate
practices for management of experimental animals in Spain (RD 1201/2005).

2.2. Quantitative Real Time PCR Analysis
Total DNA was isolated from freeze-dried fecal samples (40 mg) by using the Ql1Aamp DNA stool kit (Qiagen,
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West Sussex, UK), and following manufacturer’s instructions. In order to increase its effectiveness, the lysis
temperature was increased to 95°C and an additional step with lysozyme (10 mg/mL, 37°C, 30 min) incubation
was added. Eluted DNA was treated with RNase and the DNA concentration assessed spectrophotometrically by
using a NanoDrop ND-100 Spectrophotometer (NanoDrop Technologies, Wilmington, USA). Purified DNA
samples were stored at —20°C until use [14].

Bacterial log number of copies was determined in fecal samples by using gPCR. The 16S rRNA gene-targeted
primers and PCR conditions used in this study are shown in Table 2. The gPCR assays were performed in poly-
propylene 96-well plates using an iQ5 Cycler Multicolor PCR detection system (BioRad laboratories, Hercules,
CA, USA). The reaction mixture (25 uL) comprised of 12.5 uL of iQ SYBR Green Supermix (BioRad), 0.75 pL
of each of the specific primers (10 uM; Roche Diagnostics, Barcelona, Spain), 9 uL of sterile distilled water and
2 uL of DNA template. The fluorescent products were detected in the last step of each cycle. A melting curve
analysis was carried out after amplification to distinguish the targeted PCR product from non-targeted PCR
product. The melting curves were obtained by slow heating at temperatures from 55°C to 95°C at a rate of 0.5°C
per 10 s, with continuous fluorescence collection.

A plasmid standard containing the target region was generated using DNA extracted from pooled fecal sam-
ples. The amplified product was run on a 2% agarose gel, purified by MBL-Agarose QuickClean kit (Dominion
MBL, Spain), cloned using the TOPOTA cloning kit (Invitrogen, Paisley, UK), and transformed into Escheri-
chia coli One Shot Top 10 cells (Invitrogen). Plasmids were eluted by GenElute™ Plasmid Miniprep Kit (Sig-
ma), sequences were obtained by the sequencing service of the Instituto de Parasitologia y Biomedicina Lépez-
Neyra (CSIC, Granada, Spain), and then submitted to the ribosomal RNA database
(http://bicinformatics.psh.ugent.be/webtools/rRNA/blastrrna.htmL) in order to confirm the suitability of the pri-
mers. The concentration of the resulted products was determined by spectrophotometer and the copy number
was calculated in terms of the product size. For quantification of target DNA copy number, a standard curve was
generated using serial 10-fold dilutions of the extracted product by using at least six nonzero standard concen-
trations per assay. The bacterial concentration in each sample was measured as log;o copy number by the inter-
polation of the C; values obtained by the fecal samples into the standard calibration curves. Each plate included
duplicate reactions per DNA sample and the appropriate set of standards.

Table 2. Sequences of the primers used and g-PCR conditions for SYBR green 16 rDNA determination of microbial groups
in pig fecal samples.

Bacterial group Primer Reference g-PCR conditions

Initial denaturation: 1 cycle at 50°C for

F-Eub 338 (ACTCCTACGGGAGGCAGCAG) 2 min and 95°C for 10 min. Primer annealing

Total bacteria R-Eub 518 (ATTACCGCGGCTGCTGG) [26] and product elongation: 40 cycles at 95°C
for 15 s and 60°C for 1 min.
Lactobacilli F-lacto (GAGGCAGCAGTAGGGAATCTTC) [27] Idem
R-lacto (GGCCAGTTACTACCTCTATCCTTCTTC)
. F5 (ATGGCTGTCGTCAGCTCGT)
Enterobacteria oo\ cCTACTTCTTTTGCAACCCACTC) [28] Idem
Bacteroides AllBac296F (GAGAGGAAGGTCCCCCAC) [29] Idem
AllBac412R (CGCTACTTGGCTGGTTCAG)
Initial denaturation: 94°C for 5 min.
C. coccoides/ g-Ccoc-F (AAATGACGGTACCTGACTAA) [30] Primer annealing and product elongation:
E. rectale group g-Ccoc-R (CTTTGAGTTTCATTCTTGCGAA) 40 cycles at 94°C for 20 s, 50°C for 20 s,
and 72°C for 1 min.
sg-Clept-F (GCACAAGCAGTGGAGT)
C. leptum sg-Clept-R3 (CTTCCTCCGTTTTGTCAA) [30] Idem
Initial denaturation: 95°C for 10 min.
Escherichia/ F5 (GTTAATACCTTTGCTCATTGA) [31] Primer annealing and product elongation:

Shigella group R5 (ACCAGGGTATCTAATCCTGTT) 35 cycles at 95°C forl5 s, 60°C for 20's,

and 72°C for 30 s.
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2.3. Statistical Analysis and Calculations

Individual pigs were considered the experimental unit. Bacterial logiq number of copies was analyzed by 1-way
ANOVA for each day and pig, and no differences were found for the three sampling days. Therefore, values for
the three days were pooled and each initial or final value represents the mean of the values obtained for each of
the three sampling days for each pig. The effect of DFA (Figure 1) was analyzed by 1-way repeated measures
ANOVA using the MIXED procedure (SAS Inst. Inc., Cary, NC), and using logo humber of copies at day 0 of
each period as covariate. Regression equations (Figure 2) were calculated where ordinate values (y) represent
the logy, increase in number of copies in feces after caramel feeding respect to initial (control) logy, values, and
abscissa (x) values were initial (control) logy, values. The log,o increase in number of copies was calculated as
the logyo of the ratio of the number of copies after and before inclusion of DFA-enriched caramel in the diet.
Regression equations and significances were obtained by using the REG procedure (SAS Inst. Inc., Cary, NC).

3. Results

The logy number of copies of bacterial groups in feces of pigs fed on the control diet is shown in Table 3. The
final logyy numbers of lactobacilli, C. coccoides/E. rectale group, Clostridium leptum, enterobacteria and the
Escherichia/Shigella group were lower (P < 0.05) than initial log;o number of copies. Final log;, numbers were
not different for bacteroides and total bacteria.

As shown in Figure 1, increased (P < 0.05) lactobacilli, C. coccoides/E. rectale group and bacteroides, and
decreased (P < 0.05) total bacterial log;, number of copies were found in fecal samples of pigs fed the diet con-
taining DFA-enriched caramel as compared to the log number of copies determined in fecal samples of the same
animals fed the control diet without additive. Logiq number of copies of C. leptum, enterobacteria, and Escheri-
chia/Shigella group in fecal samples of pigs fed diet containing DFA were not different from controls. In addi-
tion, for all bacterial groups studied microbiological values co-variated with initial counts. As shown in Figure 2,

10 a
b b b

"R \ oS

a N
8 a b § \

N
\
7 \\
6 .
\
5 N
4 ®Control
=DFA
3
2
1
0~ )
\@i& 6\\\\ W& \\&\ @i\ c@\\ : '\be%
& i & U > WP &
N & G ¢ & R &
& N o & o P
< . b@ @0 A
o ¢
ov o
I ¢ ¢

Figure 1. Log;o number of copies/mg dry feces in pigs fed control (no additive)
(dotted bars) or DFA-enriched caramel (striped bars) containing diets. Values are
means of 36 values (12 pigs x 3 days collection) with their SEM in bars. Bars
with different letters for each bacterial group differ (P < 0.05). For all bacterial
groups studied microbiological values co-variated with initial counts.
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Figure 2. Correlation for each bacterial group studied of logyo fecal initial number of copies with the log,, increase in the
fecal number of copies. The logyg increase in fecal number of copies was calculated as the logyg of the ratio of the number of
copies after and before inclusion of DFA-enriched caramel in the diet. Each point represents the mean of three initial values
against three increases for each of the 12 animals used in the experiment.
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Table 3. Initial and final bacterial log;, number of copies/mg of freeze-dried feces of Iberian pigs fed on a control diet.

Initial Final Pooled SD Significance level
Total bacteria 777 7.58 0.24 0.096
Lactobacilli 6.52° 6.11° 0.24 0.001
C. coccoides/E. rectale 6.01° 5,75 0.25 0.028
C. leptum 5.17° 4.72° 0.21 <0.001
Enterobacteria 4.45° 3.11° 0.68 0.001
Escherichia/Shigella 3.82% 247" 0.70 <0.001
Bacteroides 6.61 6.48 0.33 0.386

abC\eans (n = 10) in the same row with different superscript letters differ (P < 0.05).

the log,, increase in the fecal number of copies of lactobacilli, C. coccoides/E. rectale group, Escherichia/Shi-
gella group and bacteroides after caramel feeding significantly (P < 0.01) correlated with the initial logy, fecal
number of copies. The logyq final fecal number of copies of C. leptum after caramel feeding showed significant
(P < 0.05) but lower correlations with the log,, increase in fecal number of copies. Correlation between entero-
bacteria log,, increase in no. of copies and logy, initial no. of copies was not significant. The regression equa-
tions, R values, and significance of regression curves are shown in Figure 2.

4. Discussion

The main task of the present work was to determine if the effect of an additive on the counts of some groups of
the pig’s fecal microbiota might be correlated with the starting or initial values for those particular groups. This
is relevant because, if that was the case, the prebiotic effect of a putative prebiotic on a given individual would
depend not only on factors linked to the prebiotic itself, but also on the composition of the intestinal microbiota
at the moment when the prebiatic is introduced in the diet. In consequence, in some instances a low or null ef-
fect might be found not because the prebiotic was ineffective, but because of the composition of the microbiota
in the particular model chosen. Also, more or less significant effects would be obtained in connection more with
the microbial numbers at the beginning of the experiment than with prebiotic effectiveness as such.

The inclusion of DFA-enriched caramels in diets for pigs resulted in increased log;, number of copies of po-
tentially beneficial bacteria (lactobacilli, C. coccoides/E. rectale group) in the feces (Figure 1), while values for
those same groups decreased in pigs fed on the control diet (Table 3). This effect is similar to those found with a
number of substances with potential (isomalto-oligosaccharides, lactosucrose, xylo-oligosaccharides) or con-
firmed (inulin, transgalacto-oligosaccharides, lactulose) prebiotic effect in humans [15]. Lactobacilli and bifi-
dobacteria are generally regarded as beneficial bacteria for both humans and pigs [16], although bifidobacteria
are believed to play only a minor role in the pig intestine [17]. As for the C. coccoides/E. rectale group, it in-
cludes bacteria producing butyric acid, a metabolite seen as beneficial for gut functionality and potentially pro-
tective against bowel cancer in humans [18]. In a previous report, Arribas et al. [4] showed that the administra-
tion of a DFA-enriched caramel obtained from fructose (containing 70% of an isomeric mixture of 13 DFAs and
glycosyl-DFAs, identical to that used in this work) to colitic rats had an intestinal antiinflammatory effect,
which was similar to that obtained with fructooligosaccharides (FOS) in the same experimental settings. The
DFA-enriched caramel also promoted a more favorable intestinal microbiota, increasing lactobacilli and bifido-
bacteria counts as well as inducing increased concentrations of SCFA in the luminal colonic contents. These re-
sults are in line with those here found, and reinforce the concept of DFAs and glycosyl-DFAs as dietary benefi-
cial compounds with potential prebiotic properties.

For all bacterial groups studied microbiological values co-variated with initial counts. In addition, as shown in
Figure 2, the log;, increase in fecal number of copies of all the bacterial groups studied here except enterobacte-
ria significantly correlated with the log,, initial fecal number of copies. It is clear that when studying the effect
of a given prebiotic, it is important that a reliable and quantitative microbiological analysis of a wide variety of
bacterial genera is carried out [19]. This is because the interactions among bacterial groups within the gastroin-
testinal tract are probably more important than variations in one single group. However, to our knowledge, this
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type of correlations has only been reported for bifidobacteria values and in human studies. Thus, Roberfroid et
al. [20] reported that initial numbers of the bacteria that will be selectively stimulated to grow [the number be-
fore prebiotic administration] strongly determine the extent of stimulation [i.e. low if the initial number is high,
but high if the initial number is low]. This was earlier reported by Hidaka et al. [21], and then confirmed in later
studies both in vitro and in vivo [20] [22].

Correlations were stronger for lactobacilli, C. coccoides/E. rectale group, Escherichia/Shigella group and
bacteroides. Among these, significant differences between absolute final and initial values were only determined
for lactobacilli and C. coccoides/E. rectale group (Figure 1), probably because of the high standard deviations
in the mean values of fecal bacterial number of copies among individual pigs. Pigs here used were from different
litters, which probably resulted in higher variability in the initial fecal bacterial values. It is clear that a relation-
ship between initial and final values can be demonstrated only if the same group of individuals having similar
but somewhat different initial numbers of the studied bacteria is used. DGGE studies of pigs’ intestinal microbi-
ota have shown that each individual exhibits a unique bacterial community as demonstrated by stable and re-
peatable banding patterns [23]. This might give place to differences in prebiotic response. Janczyk et al. [24]
have recently shown that the initial differences in the microbiota between pigs from different farms were re-
sponsible for differences in the small intestinal richness and diversity of the pigs fed diets containing prebiotics.
In our case, differences in the initial values among individuals facilitate the study of the relationships between
initial and final values because high and low relative initial values are required to study if the number before
prebiotic administration determines the extent of stimulation. In the present study, the extent of stimulation in
fecal bacterial number of copies was inversely correlated with initial values [lactobacilli, C. coccoides/E. rectale
group and bacteroides]. For these bacterial groups, the higher the initial values, the lower the increase in the
number of copies. In the groups for which fecal values tended to decrease respect to initial values [enterobacte-
ria, C. leptum, Escherichia/Shigella group], the correlations were not so strong or not significant, except for
Escherichia/Shigella group, probably because the effect on them is indirect, that is, consequent to the stimulation
of growth of beneficial groups. It is generally accepted that beneficial bacteria may inhibit the colonization with
pathogenic bacteria by competitive exclusion, by the stimulation of the immune response and by the production
of antibacterial metabolites, such as lactic acid, VFA and bacteriocins [25]. The stimulation of the growth of
some bacterial groups is most likely due to the fact that, as with other prebiotic substances, these are able to me-
tabolize DAFs, while other groups are not. Studies with pure cultures are in course to test this hypothesis.

In conclusion, the inclusion of di-D-fructose dianhydride (DFA)-enriched caramels in diets for pigs induced
significant increases in the fecal number of copies of lactobacilli and C. coccoides/E. rectale group, and varia-
tions in the fecal number of copies of all groups studied except enterobacteria correlated with fecal initial num-
ber of copies. Therefore, the effectiveness of a prebiotic on a given individual would depend, among other fac-
tors, also on the composition of the intestinal microbiota at the moment when it is introduced in the diet. This
may be useful to anticipate the effectiveness of including a given type of additive with prebiotic effect in the diet
of a given individual, and therefore facilitate a more specific use of this particular additive.
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