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The alterations in the balance of the normal intestinal bacterial flora of chickens exposed to acidified
wood-derived litter were analyzed and compared to those of a control group exposed to nonacidified litter. A
total of 1,728 broilers were divided into two groups, with six replicates in each. One group was exposed to dry
wood-derived litter, and the other was exposed to dry wood-derived litter sprayed with a mixture of sodium
lignosulfonate, formic acid, and propionic acid. At five different times, five chickens from each pen were killed
and the intestinal contents from ileum and caeca were collected. The samples were diluted and plated onto
selective media to identify coliforms, Lactobacillus spp., Clostridium perfringens, and Enterococcus spp. Covari-
ance analysis of bacterial counts showed significantly lower counts for C. perfringens in the caeca and the ileum
and for Enterococcus spp. and Lactobacillus spp. in the ileum in chickens exposed to the acidified litter.
Lactobacillus spp. showed significantly higher counts in the caeca in chickens exposed to acidified litter. There
was no difference between the two litters with regard to coliforms in the ileum and the caeca or to Enterococcus
spp. in the caeca. The study shows that exposing the chickens to acidified litter lowers the intestinal bacterial
number, especially in the ileum, without negative consequences for the chicken’s health or performance. Of
special interest are the lower counts of C. perfringens and Enterococcus spp. that might reduce the risk of
developing clinical or subclinical necrotic enteritis and growth depression.

Antibiotic growth promoters (AGPs) have been used in an-
imal production worldwide since 1946, when their positive
effects were observed for the first time (29). AGPs are antibi-
otics added to animal feed at subtherapeutic levels to increase
growth, improve feed efficiency, and decrease the incidence of
diseases (1, 18).

The use of antibiotics over time in human and animal med-
icine and for growth promotion in animals has caused a large
pressure on the microfloras, with the consequent appearance
of resistance to these antibiotics among pathogenic bacteria (4,
35, 36, 37, 46). A lot of attention is being focused upon this
problem, which has resulted in the banning and/or regulation
of the use of AGPs by a number of countries and an increasing
interest in organic farming. Development of alternative prod-
ucts and improved management is therefore necessary to elim-
inate the use of AGPs while achieving the same productivity.

Organic acids (OAs) have increasingly and successfully been
supplemented in feed in swine and broiler production. The way
of action of OAs seems to be related to a reduction of pH in
the upper intestinal tract, interfering with the growth of unde-
sirable bacteria and modifying the intestinal flora (19). OAs
also improve the digestibility of proteins and amino acids and
the absorption of minerals (30, 31), modulate endocrine and
exocrine secretions, and influence the mucosal morphology
(33). Whether these effects can be applied to all animal species

can be discussed. In chickens fed ad libitum, for instance, pH
in the intestinal tract is not altered by the addition of formic or
propionic acid (41) and the pH in the proventriculus and the
gizzard is very acidic per se (12).

Another aspect to take into consideration is the importance
of the normal floras. A well-established normal intestinal flora
competes with pathogens and hence decreases the risk of sal-
monellosis, Clostridium perfringens-associated lesions, campy-
lobacteriosis, or colibacillosis. It is also probable that some
specific normal flora compositions are more beneficial than
others (3, 5, 9, 17, 38, 42).

In chicken production, litter is a potential reservoir and
transmission vehicle for pathogens and potential pathogens
(26, 28, 43, 45). Some work has been done to study the effect
of acidification of the litter with acids and OAs in attempt to
reduce the presence of pathogenic bacteria and improve the
environmental conditions of the chicken houses (13, 23). The
aim of the present study was to characterize the normal intes-
tinal flora (Lactobacillus spp., Enterococcus spp., coliforms,
and C. perfringens) of chickens and analyze the changes in the
balance upon exposure to a litter acidified with formic and
propionic acid. Special attention is paid to C. perfringens be-
cause of its participation in the development of necrotic en-
teritis (NE) (44).

MATERIALS AND METHODS

Animals, treatment, and diet. A number (1,728) of 1-day-old healthy male
broiler chickens (type Ross 208) from the hatchery Samvirkekylling, Solør, Nor-
way, were aleatorily chosen and arbitrarily separated in 12 pens (5.35 m2), each
pen containing 144 animals. The pens were assigned either to the control litter
or the acidified litter, alternately. The house had a monitored temperature of
30°C which was reduced a half degree per day to 22°C. A light regimen of 18 h
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was employed. The relative humidity started at 70% and was decreased to 50%
during the testing period.

The litter was wood shavings from dry pinewood from a local sawmill. The
acidified litter was treated with a SoftAcid product (Borregaard LignoTech,
Sarpsborg, Norway), a mixture of sodium lignosulfonate, formic acid, and pro-
pionic acid. The added mixture constituted 7% of the litter weight and was
sprayed on the litter.

The chickens had ad libitum access to water and feed, which was supplemented
with the anticoccidial Amprol� (125 mg of amprolium/kg of body weight and 8
mg of ethopabate/kg). No AGPs were added. The feed was formulated with the
intention of promoting subclinical NE and hepatitis associated with a spontane-
ous C. perfringens infection (M. Kaldhusdal, unpublished data). C. perfringens
(100 to 500 CFU/g) was found in the starter feed.

Intestinal sampling and processing. At 18, 21, 25, 29, and 32 days of age, five
animals from each pen were randomly selected for sampling. The chickens were
transported for 1.5 h in well-ventilated cartons, each with six chickens from the
same pen, without access to food or to water until they were killed.

The chickens were made unconscious by a blow to the head and then killed by
cervical dislocation. Then the alimentary tract was immediately dissected, and
the intestinal contents were collected from an approximately 30-cm-long segment
of the lower ileum measured from the vitelline diverticulum and the ceca (one of
the horns) into plastic 50-ml Falcon tubes (Corning Incorporated, Corning,
N.Y.); the collected contents were kept on ice until inoculation and incubation.
When the chosen section from the lower ileum was empty or contained little
material, the contents of the next 30 cm of the lower ileum were collected.

The samples were processed within 10 to 60 min after collection. They were
weighed and serially diluted in 0.9% saline, and 0.1 ml of each sample was plated
on selective media.

Bacterial counts from intestinal samples. C. perfringens was grown on 5%
blood agar (MERCK 10886) anaerobically at 37°C for 48 h with MERCK
Anaerocult A. The colonies appeared as large dome-shaped colonies with a
double zone of hemolysis.

Lactobacillus spp. were grown on Rogosa agar (MERCK 5413) anaerobically
at 37°C for 48 h with Merck Anaerocult A. The bacteria were enumerated by
counting white colonies.

Enterococcus spp. were grown on 5% blood agar (MERCK 10886) aerobically
at 37°C for 24 h. The colonies were small (1 mm in diameter) and presented an
�-hemolysis.

Coliforms were grown on MacConkey agar (MERCK 5465) aerobically at
37°C for 24 h. These were typical lactose-fermenting colonies.

The macroscopic image of the colonies of the bacteria was confirmed by the
microscopic image of the bacteria after Gram staining.

Recording of data from intestinal bacterial counts. The figures from the
bacterial counts were recorded as CFU (40). In a few cases it occurred that the
dilution ranges chosen for isolation were either under- or overestimated. When
the bacterial concentrations were lower than our minimal detection level, a log10

value 0.1 lower than the log10 value corresponding to the minimal detection level
was registered. In cases of high bacterial counts, an absolute maximum was set to
the log10 value 10; then the mean value of the largest possible count and 10 was
registered.

Litter sampling and processing. Litter samples were collected from all the
pens on days 4, 7, 11, 14, 18, 21, 25, 28, and 32 to measure pH and humidity and
to do bacterial counts.

pH was measured using a combined pH electrode (Model Knick Portamess
751 Calimatis, Knick, Germany) in the first dilution of the samples for bacterial
count.

For humidity (percent) measurements, the samples were weighed and placed
in a heat cabinet at 105°C. After 5 h the samples were weighed again, and the
weight loss was calculated according to the following formula:

humidity (%)

�
weight of sample before heat treatment � weight after heat treatment

weight after heat treatment � 100

Bacterial counts. The samples were serially diluted in 0.9% saline, and 0.1 ml
of each was plated on selective media. C. perfringens was counted on tryptose-
sulfite-cycloserine (TSC) agar for C. perfringens (OXOID CM587 with the addi-
tion of SR88 and SR47) after an incubation period of 24 h in an anaerobic
atmosphere at 37°C. The colonies were black with an opaque halo, indicating a
lecithinase reaction. When needed for verification, colonies on TSC agar that
were suspected to be C. perfringens were plated secondarily on blood agar.

Coliforms were isolated on MacConkey agar (Difco 0075-17) after an incubation
time of 24 h in an aerobic atmosphere at 37°C.

Performance. Chicken feed consumption and live weight were recorded per
pen on day 32.

Clinical observations. The chickens were inspected each day, and the number
of dead birds was registered. At slaughter the number of discarded chickens was
registered.

Statistical analysis. Due to skewing in the distribution, statistical analyses of
intestinal bacterial counts were performed on logarithmic transformed data. The
results were backward transformed and expressed as mean values and 95%
confidence intervals constructed by using the Student procedure (2). Addition-
ally, standard deviations (SD) were determined. Comparisons of groups with
assumed continuously distributed variables were performed by using analysis of
variance with pen and age as covariates. Comparisons of groups on categorical
variables were performed by using contingency table analysis (20). Differences
were considered significant when the P values were less or equal to a level of 5%.

RESULTS

Intestinal bacterial counts. The sizes of the bacterial popu-
lations in the ileum and caeca of the chickens exposed to the
acidified and control litter are presented in Fig. 1.

Ileum. (i) C. perfringens. Chickens on both litters harbored a
number of C. perfringens bacteria in the intestines that in-
creased with time. The acidified group had much lower counts
(5.52 CFU/g) at day 18 than the control group (6.47 CFU/g),
but these counts increased noticeably at day 21. In total the
acidified group had lower counts (P � 0.01) and specifically at
18 (P � 0.01) and 32 (P � 0.06) days of age.

(ii) Enterococcus spp. The counts increased rapidly in both
groups from day 18 to day 21 and remained stable for the rest
of the testing period. The acidified group had an overall lower
(P � 0.05) number of CFU/gram, with lower counts at 18 (P �
0.06) and 32 (P � 0.08) days of age.

(iii) Lactobacillus spp. The counts in both groups increased
with time. The acidified group had overall significantly lower
counts (P � 0.01). On day 18, a significant difference (P �
0.01) was observed between the two groups, with means of 6.11
CFU/g for the acidified group and 7 CFU/g for the control
group. The counts increased rapidly in the acidified group up
to day 21, reaching the level of 6.95 CFU/g, and reached levels
similar to those of the control group at 25 days.

(iv) Coliforms. No difference between the two groups was
observed. There was an increase in the number of CFU/gram
from day 18 to day 21, followed by a decrease at day 25 and an
increase the last two sampling days. The difference between
the counts determined on the first and the last sampling days
was higher for the control group than for the acidified group.

Caeca. (i) C. perfringens. The development of counts of C.
perfringens populations of the acidified and the control groups
showed different patterns. At day 18 the acidified group had a
count of 6.97 CFU/g; the count oscillated first up and then
down and increased in the last two sampling days, getting close
to the level of the control group (7.64 CFU/g). The control
group had a higher count (7.69 CFU/g) at day 18; the count
oscillated first down and then up and down again to end up at
7.7 CFU/g, very close to the level from day 18. In general the
acidified group had lower counts (P � 0.01) than the control
group through the whole testing period. These differences
were significant specifically at 18 (P � 0.01), 25 (P � 0.01), and
29 (P � 0.06) days of age.
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(ii) Enterococcus spp. No difference between the groups was
observed. A rapid and continuous increase in the number of
CFU/gram was observed in both groups.

(iii) Lactobacillus spp. The counts increased with time in
both groups. The acidified group had overall significantly
higher (P � 0.05) counts, but on day 18 only there was a signifi-
cant difference (P � 0.05) between the two groups, with means
of 7.54 CFU/g for the acidified group and 7.12 CFU/g for the
control group.

(iv) Coliforms. No difference between the groups was ob-
served. The counts followed the same patterns as in the ileum,
but the oscillations were smaller. The difference between the
counts made at day 18 and day 32 is higher for the control
group than for the acidified group.

Litter parameters. Levels of litter pH, humidity, coliforms,
and C. perfringens in the litter are shown in Table 1.

(i) pH. In both litters the pH reached the same level at day
7. The acidified litter pH was significantly (P � 0.01) lower
than the control litter pH, but when the data from day 1 are
ignored, the remaining data show that the acidified litter had
no effect compared to the control litter.

(ii) Humidity. The humidity increased in both litters and
dropped down at the end of the observed time for the acidified
litter. There was not a significant difference between the litters.

(iii) C. perfringens. Both litters showed the same develop-
ment in bacterial counts, but there was a significantly (P �
0.05) lower number for the acidified litter. The number of
CFU/gram increased with time and stabilized at values around

FIG. 1. Log 10 CFU of the different types of bacteria in caeca and ileum per gram of intestinal contents in the acidified litter (hatched bars)
and the control litter (solid bars). Values are expressed as means with 95% confidence intervals.

TABLE 1. Mean values of pH and humidity and C. perfringens and coliform countsa

Day
pH (SD)c % Humidity (SD)d Log10 of C. perfringens CFU/g

(SD)e Log10 of coliform CFU/g (SD)f

Acidified Control Acidified Control Acidified Control Acidified Control

1 2.8b 4.9b 22.42b 14.64b NDg ND ND ND
4 5.2 (0.58) 5.9 (0.24) 14.5 (2.58) 16.1 (3.45) 4.65 (1.21) 5.49 (0.46) 5.61 (1.29) 6 (0)
7 5.8 (0.53) 5.9 (0.2) 15.7 (11.26) 17.7 (10.19) 4.1 (0.97) 5.38 (0.66) 6 (1.81) 6.85 (0.23)
11 5.9 (0.29) 5.9 (0.09) 17.6 (10.38) 22.1 (6.6) 5.62 (0.86) 6.07 (1.04) 6.9 (1.35) 7.12 (1.07)
14 6 (0.19) 5.9 (0.11) 26.8 (8.74) 31.9 (13.52) 5.97 (0.47) 6.11 (0.38) 7.04 (1.57) 6.37 (1.38)
18 6.2 (0.33) 6.5 (1.37) 35.1 (9.95) 38.6 (10.34) 5.89 (1.01) 6.06 (0.47) 6.71 (0.63) 6.58 (0.79)
21 6.8 (0.71) 6.8 (1.0) 39.2 (7.42) 36.9 (9.51) 5.12 (0.69) 5.37 (1.0) 6.73 (1.24) 6.44 (0.14)
25 7.9 (0.74) 7.9 (0.75) 35.4 (5.44) 36.7 (4.4) 5.98 (0.32) 6.16 (0.81) 6.09 (1.0) 5.75 (2.16)
28 8.4 (0.41) 8.4 (0.48) 29.6 (38.19) 38.313.0) 5.92 (1.28) 6.16 (0.81) 3.95 (1.92) 4.4 (2.51)

a The variables were measured in control and acidified-litter samples at various days. Acidified, acidified group; Control, control group.
b Measurement taken before the litter was divided among pens.
c P, 0.002.
d P, 0.78.
e P, 0.016.
f P, 0.98.
g ND, not done.
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5.9 CFU/g for the acidified litter and 6.1 CFU/g for the control
litter at day 14, except for the remarkable fall at day 21.

(iv) Coliforms. No difference between the groups was ob-
served. In both litters the counts increased until day 11, and
they were maintained at the same levels until day 21, when they
decreased rapidly.

Performance. The chickens exposed to the acidified litter
had a higher (P � 0.05) live weight at day 32 and had con-
sumed a larger (P � 0.01) amount of feed through the testing
period than the chickens in the control group. These results
showed no significant difference in the feed conversion rates
(FCR) between the two groups (Table 2). The carcasses of the
acidified group after processing were significantly (P � 0.01)
heavier, with a mean weight of 1,097 g, than the ones from the
control group, with a mean weight of 1,070 g.

Mortality and discarding. The mortality during the entire
growing period was 18 animals (2.1%) in the control group and
21 animals (2.4%) in the acidified group. A total of seven
carcasses (0.8%) in the control group and three (0.4%) in the
acidified group were discarded at slaughter.

DISCUSSION

In the ileum, C. perfringens, Enterococcus spp., and Lacto-
bacillus spp. had lower counts in the group exposed to the
acidified litter compared to the control group results. In the
caeca, only C. perfringens had lower counts whereas Lactoba-
cillus spp. had higher counts in the group exposed to the
acidified litter. The most noticeable differences between the
groups were observed in the ileum between day 18 and day 21.
If the pH had been acidic longer than it actually was (14 days),
it would probably have been possible to observe a longer pe-
riod of difference. It was also at day 14 that the concentrations
of C. perfringens in the litters stabilized. It is suspected that the
fall in the concentration of C. perfringens in the litter observed
at day 21 is due to some methodological failure. The pH levels
in the litter of both groups became equal at day 7. All this
suggests that the qualities of the litter could be maintained by
replacing the used litter with fresh litter. Therefore, the acid-
ified litter should be changed before day 7 to keep its acidifi-
cation effect. To maintain the effect of the product on C.
perfringens, the acidified litter should be changed before day
14. It would have been of great interest to analyze intestinal
samples from younger chickens to study the development of
the intestinal flora at earlier stages of growth, and when the pH
is still acid. Since the flow of digesta into the caeca is just 18.3
to 24.7% of the dry matter and 16.6 to 26.4% for water (39) it
is natural that the acidifying product, when applied to the litter,
has a larger effect on the ileal microflora than on the caecal

microflora. This study was not designed to explain which mech-
anisms are active when the OAs inhibit growth of bacteria such
as C. perfringens and Lactobacillus spp., which produce OAs
themselves and tolerate acid environments. However, Thomp-
son and Hinton observed a decrease in the amount of lactic
acid in the crop when the concentrations of formic and propi-
onic acid were increased (41), which suggested a decrease in
lactic acid bacteria. This could be an explanation for the lower
counts of Lactobacillus spp. in the ileum in the group exposed
to the acidified litter. A similar effect could explain the reduced
growth of C. perfringens. A potential separate effect on the
growth of bacteria exerted by the wood-derived component
lignosulfonate in the product should be studied.

The lower counts of C. perfringens in the ileum and caeca
and of Enterococcus spp. in the ileum are of particular interest.
Similar results were obtained after a similar experiment with
another acidifying product based on formic acid (M. Novoa
Garrido, unpublished data). The presence of large amounts of
C. perfringens types A and C in the intestine is a cofactor in the
development of clinical and subclinical NE (6, 7, 15, 16, 22, 32,
44). Besides, it has been proved that C. perfringens and Entero-
coccus faecium have a high level of bile salt hydrolase activity
(21) which causes growth depression in chickens (8).

The importance of the intestinal flora in controlling intesti-
nal invasion by pathogens such as C. perfringens, Campylobacter
jejuni subsp. jejuni, Salmonella spp., and pathogenic strains of
Escherichia coli is well known (27, 37a). Therefore one should
be cautious when manipulating the flora balance in the intes-
tine (9, 10). A reduction of several bacterial groups has been
observed as well in other experiments in which chickens have
been fed with OAs (14). The fact that the ileum in the group
exposed to the acidifying product presents lower counts of
Lactobacillus spp. than in the control group is not a desired
effect because of the regulating and protecting role of these
bacteria (9).

Because of the high concentrations of C. perfringens found in
the caeca in both groups, mortality and lesions due to NE
could have been expected (15, 24). However, mortality and
discarding at slaughter was low in both groups, indicating that
the chickens in the study had good health despite the alteration
in the intestinal flora and the feed and the high density in the
pens. One can speculate whether the chickens developed an
early and exacerbated central and/or local immune response
due to an early exposure to C. perfringens which protected
them from NE (11, 25).

Because a large quantity of samples had to be handled, and
hence a number of people had to be involved in the laboratory
work, it was decided not to handle the samples under anaer-
obic conditions before incubation. Samples were also plated
from 2 to 3 continuous dilutions onto the different media. In
the cases in which the sample results were below detectable
levels, it was assumed that the value was close to the lower
detection limit because the flora normally is well established in
chickens at the age at which the samples were collected. The
mean between the values corresponding to 75% of the detec-
tion level and the detection level values was calculated and
transformed into log10; the result was a log10 value 0.1 lower
than the log10 value corresponding the minimal detection level.
When samples had large bacterial counts, counting the CFU
was attempted. Then the mean value between the log10 value

TABLE 2. Mean values of live weight, feed intake, and FCR
measured penwise at day 32, and the P-value

Group Kg of weight
(SD)a

Kg of feed
intake
(SD)b

FCR in kg of
feed intake/
kg of weight
gain (SD)c

Acidified 186.5 (13.8) 338.9 (14) 1.82 (0.09)
Control 183.8 (2.9) 327.6 (4.1) 1.78 (0.03)

a P, 0.41.
b P, 0.004.
c P, 0.15.
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corresponding to this count and the log10 value 10 was calcu-
lated, in an attempt to use values close to the values that could
have been expected. To avoid this problem, at least 3 contin-
uous dilutions should have been plated. However the figures
we obtained are similar to those reported in other papers (21).

The results of this study support the results from other
studies (13, 23, 34) with respect to the efficiency of litter acid-
ification in reducing the horizontal infection of chickens by
pathogenic bacteria. The counts of C. perfringens and Entero-
coccus spp. in the chicken’s intestines are reduced by the use of
organic acidifiers in the litter. Because of the lower counts of
C. perfringens, it is assumed that the risk of developing clinical
or subclinical NE is also reduced. Besides, the lower counts of
both C. perfringens and Enterococcus spp. reduce the risk of
growth depression and improve the absorption of nutrients in
the intestine, implying possible economical results. Finally, an
optimal balance in the intestinal normal floras at early stages of
growth seems to be beneficial for the health and development
of the chickens.
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