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ABSTRACT: The banning of the use of antibiotics as feed additive has accelerated investigations of alternative feed additives in
animal production. This experiment investigated the effect of pure citric acid or acidifier blend supplementation as substitute for
antibiotic growth promoters on growth performance, fecal microbial count, and humoral immunity in weaned piglets challenged with
Salmonella enterica serover Typhimurium and Escherichia coli KCTC 2571. A total of 60 newly weaned piglets (crossbred, 28-d-old;
average 8 kg initial weight) were randomly assigned to four dietary treatments in a completely randomized design. Dietary treatments
included NC (negative control; basal diet), PC (positive control; basal diet+0.002% apramycin), T1 (basal diet+0.5% pure citric acid),
and T2 (basal diet+0.4% acidifier blend). All piglets were orally challenged with 5 mL of culture fluid containing 2.3x108 cfu/mL of
E. coli KCTC 2571 and 5.9x108 cfu/mL of S. typhimurium at the beginning of the experiment. The PC group showed the highest ADG
and ADFI, whereas gain:feed was improved in the PC and T1 group (p<0.05). All dietary treatments showed significant reduction in
fecal counts of Salmonella and E. coli, compared to NC (p<0.05), with PC being better than T1 and T2. Significant elevation in fecal
Lactobacillus spp. counts was shown by treatments with T1, T2, and PC, whereas Bacillus spp. counts were increased by treatment with
T1 and T2 compared to NC and PC diet (p<0.05). Serum IgG concentration was increased by T1 diet (p<0.05), whereas IgM and IgA
were not significantly affected by any of the dietary treatments (p>0.05). From these above results, it can be concluded that, as
alternatives to antibiotics dietary acidification with pure citric acid or acidifiers blend did not fully ameliorate the negative effects of
microbial challenges in respect of growth performance and microbial environment, however improved immunity suggested further
research with different dose levels. (Key Words: Citric Acid, Acidifier Blend, Growth Performance, Microorganism, Immunity,
Challenged Piglets)

INTRODUCTION

It is generally accepted that the species of
microorganisms in the intestinal tract and their ratio have a
major impact on animal health (Deng et al., 2007a).
Intestinal microorganisms compete with each other for
limited source of nutrients and adhesion sites in the
intestinal tract both of which are necessary for their growth.
Several studies have confirmed the influence of dietary
composition and nutrient content on the intestinal microbial
ecosystem (Bauer et al., 2001; Li et al., 2008). In case of
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early weaning, sudden dietary changes due to transition
from readily digestible sow milk to an unfamiliar starter
diet with high protein content and high acid-binding
capacity (Eidelsburger, 1998) combined with the inability of
piglets to secrete sufficient quantities of hydrochloric acid
(HCI) in their immature gastrointestinal tracts (GIT) leads
to digestive disturbance (Barnett et al., 1989; Wu et al.,
2012) and invasion of acid-intolerant bacteria, including E.
coli and Salmonella (Smith and Jones, 1963; Marinho et al.,
2007). The immune system, especially acquired immunity,
plays an important role in protecting piglets against
pathogenic infection (Li et al., 2007). However, acquired
immunity is underdeveloped at the age of 3 to 4 weeks
because of ending lactation immunity (Deng et al., 2007b).
This immunological challenge together with microbial
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infection results in depressed feed intake, poor growth,
post-weaning diarrhea syndrome (PWDS) and consequent
increased economic loss for pig producers (Kyriakis, 1989;
Guo et al, 2008). Traditionally, antibiotics were
successfully applied to overcome weaning stresses and to
improve performance (Chopra et al., 1964). However, drug
residues in edible meat products and their potential
contribution to the emergence of antibiotic-resistance
bacteria threaten human health (Fuller, 1992) and there is a
consumer outcry to eliminate non-therapeutic antibiotics
use in animal agriculture (Doyle, 2001).

Dietary acidifiers (organic and inorganic acids) have
been broadly applied worldwide in diets of animals in order
to replace antibiotic growth promoters, because of their
potential to reduce the GIT-pH, which improves nutrient
digestion and protects the GIT from pathogenic bacteria
invasion and proliferation (Kil et al., 2011). The US Food
and Drug Administration classify many organic and
inorganic acids as GRAS (Generally recognized as safe)
substances (AACC, 2000). Experiments on pigs have
shown that supplementation of weanling pig diets with pure
organic acid, a mixture of organic acids and/or their salts
improves growth performance (Partanen and Morz, 1999;
Tsiloyiannis et al., 2001) as well as reduces the number of
pathogenic bacteria in the GIT (Cole et al., 1968). Dietary
supplementation of citric acid was found to have improved
growth performance and reduced GIT-pH in weanling pigs
(Radcliffe et al., 1998). In a meta-analysis of porcine
diarrhea to dietary acidifiers, Tsiloyiannis et al. (2001)
indicated that citric, formic, fumaric, lactic and propionic
acid improved the ADG, feed efficiency (gain:feed ratio),
reduced E. coli infection and incidence of diarrhea in post-
weaning piglets. It is established through many scientific
studies that dietary organic acids create an acidic condition
in the GIT by lowering pH which has bactericidal or
bacteriostatic effects (Hansen et al., 2007) on pathogenic
microbes. Reduction in pathogen concentration resulted in
reduced toxic bacterial metabolites and competition for
nutrients with the host, thus improving weight gain of the
host. However, organic acid is too expensive to utilize in
animal feed (Kil et al., 2006). On the contrary, inorganic
acids are cheaper and reported to exert a similar effect on
growth performance as organic acidifiers (Schoenherr,
1994). Furthermore, blending of various organic and
inorganic acidifiers has gained attention because of their
synergistic action to improve health and performance of
weanling pigs (Kil et al., 2011). Many findings have shown
that dietary acidifiers provide a prophylactic measure
similar to antibiotics (Sciopioni et al., 1978; Mathew et al.,
1991).  Accordingly,  acidifiers  reduce  harmful
microorganisms and promote beneficial microbial growth in
the GIT (Mathew et al.,, 1991) while, antibiotics are
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designed to inhibit most microbial growth including
beneficial ones (Cromwell, 1991). It has also been reported
that the nutritive effects of organic acids are most
pronounced in weaning pigs (Gabert and Sauer, 1994; Roth
and Kirchgessner, 1998). However, the effects of acidifiers
were often found to vary on the performance of animals and
consequently more intense studies are essential to elucidate
their specific effects. Therefore, this study investigated the
effects of pure citric acid and acidifier blend
supplementation as an alternative to antibiotics on growth
performance, fecal microbial population, and immunity of
weaning pigs orally challenged with Salmonella enterica
serover Typhimurium and Escherichia coli KCTC 2571.

MATERIALS AND METHODS

The present research was carried out in accordance with
the guidelines for the care and use of animals in research
(Korean Ministry for Food, Agriculture, Forestry and
Fisheries, 2008). All experimental procedures used in this
study were approved by the Animal Care and Use
Committee of Sunchon National University.

Animal and experimental design

The experiment was carried out using a completely
randomized design where sixty 28-d-old weaned piglets
were randomly assigned to four dietary treatments, each
consisting of 15 piglets (three replicate pens of 5 pigs/pen).
All piglets were derived from sows (LandracexYorkshire)
mated with Duroc boars, and were living in an E. coli and
Salmonella-free commercial farm under same housing
conditions. The piglets were selected with an equal sex ratio
of 30 males and 30 females considering an average body
weight of 8 kg. Experimental diets included: NC (negative
control), basal diet without additive supplementation; PC
(positive control), basal diet supplemented with 0.002%
apramycin; T1, basal diet with 0.5% citric acid (citric acid
100%); and T2, basal diet with 0.4% acidifier blend (17.2%
formic acid, 4.1% propionic acid, 10.2% lactic acid, 9.5%
phosphoric acid, SiO, 34.0%). A commercial pellet pig
starter diet was used as a basal diet, formulated to meet or
exceed the nutrient requirements of weaned pigs as
recommended by the National Research Council (NRC,
1998). Molasses was added at 4.3% level to help in the
manufacture of pellets. The ingredients and chemical
compositions of the experimental diets are presented in
Table 1. The pellet diet was ground using a milling machine
to reduce the particle size. The apramycin and organic acids
were added in the feed of each experimental diet by
replacing equal amount of basal diet. It was considered that
the small amounts of the acids did not affect the energy
value of the diet, compared to the basal diet.
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Table 1. Ingredients and chemical composition of basal diets
(starter)

Item

Ingredients (%, as-fed basis)
Yellow corn 4515
Wheat 23.00
Wheat bran 4.00
Soybean meal 18.00
Limestone 0.98
Calcium phosphate 1.10
Salt 0.25
Vitamin and mineral premix* 0.55
Animal fat 2.50
Molasses 4.30
L-lysine-HCL (78%) 0.17

Chemical composition (as fed basis)
ME (kcal/kg) 3,265
Crude protein (%) 18.00
Ca (%) 0.70
Available phosphorus (%) 0.55
Lysine (%) 0.95
Methionine (%) 0.30

! Vitamin mix provided the following nutrients per kg of premix: vitamin
A 6,000 1U; vitamin D3 800 IU; vitamin E 20 1U; vitamin K3 2 mg;
thiamin 2 mg; riboflavin 4 mg; vitamin Bg 2 mg; vitamin By, 1 mg;
pantothenicacid 11 mg; niacin 10 mg; biotin 0.02 mg; Cu (copper
sulfate) 21mg; Fe (ferrous sulfate) 100 mg; Zn (zinc sulfate) 60 mg; Mn
(manganese sulfate) 90 mg; | (calcium iodate) 1.0 mg; Co (cobalt nitrate)
0.3 mg; Se (sodium selenite) 0.3 mg.

All piglets were orally challenged with 5 mL of culture
fluid containing 2.3x10® cfu/mL of E. coli KCTC 2571 and
5.9x10°% cfu/mL of S. typhimurium at the back of the oral
cavity using a micropipette tip at the beginning of the
experiment. The bacterial solution was slowly dribbled into
each piglet’s throat in order to trigger the swallowing reflex
and minimize the passage of inoculants into the lungs. The
goal of the challenge was to use it as a model of post-
weaning lag phage which is manifested by imbalance
microbiota in the intestine and ultimate poor growth
performance and immunity. All piglets were housed in an
environmentally controlled nursery facility with hard-
plastic slatted floor in 12 adjacent pens (1.8x1.8 m) to
prevent possible cross-contamination. Each pen was
equipped with a one-sided self-feeder and a nipple drinker
to allow the pig ad-libitum access to feed and water
throughout the experimental period. The target room
temperature and humidity were 25°C and 60%, respectively.

Measurements and analyses

Individual piglets’ body weight was measured at 0, 14,
and 28 day of the experiment. Feed consumption per pen
was recorded during the same period and the ADG, ADFI,
and gain:feed were calculated. The ADG and ADFI were
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calculated by dividing total pen weight gain and total pen
feed consumption by the number of animal days. The
gain:feed for each pen was calculated by dividing the ADG
by the ADFI.

On d 1 of the trial, two piglets were identified from each
pen by a double ear-tag for subsequent microbial and
immunological analysis. On d 7, 14, 21, and 28 of the
experiment fresh fecal samples were collected directly from
the rectum of these piglets in sterile polyethylene bags, via
manual stimulation of the internal and external anal
sphincters, in order to avoid any additional contamination
of the samples. Samples were then serially diluted 10-fold
in sterile saline (0.9%) and inoculated onto agar plates. The
following were used as incubation media: Salmonella-
Shigella agar (SS) was used for Salmonella, MacConkey
agar (MAC) was used for E. coli, Mann, Rogosa and Sharpe
agar (MRS) was used for Lactobacillus, and Mannitol Egg
Yolk Polymyxin agar (MYP) was used for Bacillus isolation.
Microbial plates were inoculated with three dilutions, each
in duplicate. Agar plates were then incubated anaerobically
at 37°C for 48 h, after which microbial colonies were
immediately counted. Microflora enumerations were
expressed as logyo cfu/mL.

For immunological analysis, blood samples (10 mL)
were collected directly from the jugular veins of piglets at d
28 of experiment (early morning, before pigs were fed)
using a 22-gauge sterile needle and then transferred to a BD
Vacutainer (Becton Dickinson, Franklin Lakes, NJ) without
anticoagulant. All samples were quickly transferred into
centrifuge tubes that were centrifuged for 15 min at 1,610x
g in a cold chamber (4°C). Sera were then carefully
removed to plastic vials and stored at —20°C until
immunoglobulin  analysis  was  performed.  The
concentrations of serum IgG, IgM, and IgA were assayed
using Pig 1gG (Cat. No. E100-104), IgM (Cat. No. E100-
100), and IgA (Cat. No. E100-102) ELISA Quantitation
Kits (BETHYL Laboratories Inc., USA) according to the
manufacturer’s instructions. Each experiment was run in
duplicate and the results represent means of three repeat
experiments. The absorbance of each well was measured
within 30 min by using microplate autoreader (Thermo Lab
Systems, Finland) at 450 nm. The results were expressed as
mg/dL of serum.

Statistical analysis

The pen was used as the experimental unit for the
analysis of growth performance, whereas individual piglet
was used as experimental unit for analysis of serum
immunoglobulins and fecal microbiota. Results for all
parameters under consideration were recorded for each
experimental unit and, finally, subjected to ANOVA
appropriate for a completely randomized design by using
the general linear model procedures (GLM) of the SAS
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Institute Inc. (SAS, 2003). Statistically significant effects
were further analyzed and means were compared using
Duncan’s multiple range tests. Probability values of p<0.05
were considered as statistically significant, whereas p<0.10
was considered a tendency.

RESULTS AND DISCUSSION

Growth performances

There was no significant difference in initial body
weight of piglets among the treatments (Table 2). Piglets
fed PC diet had the highest ADG (35.2%) and ADFI
(27.2%) compared to NC, T1 and T2 supplemented groups
throughout the experimental period (p<0.05). Both PC
(10.4%) and T1 (13.5%) supplemented groups showed
improved gain:feed value during phase 1 and overall
experimental period compared to NC and T2 supplemented
group (p<0.05).

The positive effects of antibiotic growth promoters to
combat the post-weaning growth lag experienced by pigs
have been well established by many scientific studies
(Cromwell, 1991; Doyle, 2001). The growth performance
data indicated that, the apramycin-treated group performed
remarkably better than the negative control and acidifier-
treated groups, which is supported by the earlier work
(Walsh et al., 2007a; Li et al., 2008). The growth
promotional effects of these compounds may be the result
of direct suppression of gastrointestinal microbes such as
pathogenic E. coli, through nutrient sparing and by
inhibition of gut urease activity and ammonia production
(Yen and Pond, 1987). Significant reduction of ADFI in the
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citric acid supplemented group was supported by the
previous studies of Falkowski and Aherne (1984) and
Giesting and Easter (1985). The negative effect of citric
acid on feed intake was also in agreement with Risley et al.
(1993) who reported a reduction in ADFI in weaned piglets
challenged with E. coli. On the other hand, the gain:feed
was 13.5% higher in citric acid-treated group compared to
negative control group, which is consistent with the
findings of Tsiloyiannis et al. (2001) and Radecki et al.
(1988). Kil et al. (2011) also reviewed that citric acid
generally increased ADG and gain:feed but decreased ADFI.
It is possible that the decreased feed consumption without
affecting weight gain was a response to improved gain:feed
of the animals. Dietary citric acid may lower the pH level of
GIT which increases activity of proteolytic enzymes and
gastric retention time, resulting in improved protein and
amino acid metabolism and as thus improves feed
efficiency (Partanen and Mroz, 1999). The acidifier blend
used in this study, had a negative effect on the ADG, ADFI
and gain:feed of weaned piglets throughout the
experimental period. These results are in partial agreement
with Walsh et al. (2007b) who reported a reduction of ADG,
ADFI and gain:feed when 0.2% Kem-Gest (blend of
phosphoric, fumaric, lactic, and citric acid) was added to a
corn-soybean meal diet. Similarly, Walsh et al. (2004)
reported reduced feed intake when dietary acidifiers
(organic and inorganic acid-based blends) were included at
0.6% in weanling pig diets. On the contrary, Scheonherr
(1994) reported increased growth performance of weanling
pigs supplemented with a phosphoric acid-based acidifier
containing other organic acids in a blend (citric, lactic and

Table 2. Effects of citric acid and acidifier blend on growth performance of weaned piglets*

Treatment?

Parameters SE? p-value
NC PC T1 T2
Initial BW (kg) 8.01 8.28 8.05 7.97 0.21 0.20
Final BW (kg) 14.82 18.78 15.25 13.40 0.57 <0.01
ADG (9)
d0tod14 300° 379° 329%® 230° 32.8 <0.01
d14tod28 186° 3718 185° 158° 40.1 <0.01
d0otod28 243° 375° 257° 194° 18.6 <0.01
ADFI (g)
Phase 1(d 0 to d 14) 473® 496° 445 426° 24.2 <0.01
Phase 2 (d 14 to d 28) 505° 846° 449° 415° 25.0 <0.01
Overall (d 0 to d 28) 489° 671° 447¢ 421° 21.2 <0.01
Gain:feed
Phase 1(d 0 to d 14) 0.64™ 0.772 0.74%® 0.54° 0.07 <0.01
Phase 2 (d 14 to d 28) 0.37 0.44 0.42 0.38 0.06 0.46
Overall (d 0 to d 28) 0.50° 0.56° 0.58? 0.46" 0.03 <0.01

P Means in a row with no common superscripts significantly differ (p<0.05).

Values represent the means of three pens with five pigs per pen.

2NC (Negative control) = Basal diet, PC (Positive control) = Basal diet+0.002% apramycin, T1 = Basal diet+0.5% citric acid, T2 = Basal diet+0.4%

acidifier blend.
3 SE = Pooled standard error.
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fumaric acid). Generally, some organic acids (formic and
propionic acid) have aggressive odors which may reduce
diet palatability, thus decreasing feed intake and negatively
impact the growth rate (Giesting and Easter, 1985; Kil et al.,
2006; Walsh et al., 2007a). Furthermore, inorganic acids can
reduce the palatability of feed and destroy the electrolyte
balance, resulting in severe depression of growth (Easter,
1993). Therefore, inclusion of a mixture of organic and
inorganic acids in the acidifier blend possibly decreases diet
palatability and as thus reduces the growth performance of
piglets.

Fecal microflora population

Microbial shedding was determined from fecal samples
taken at regular intervals. There was no significant
difference in fecal Salmonella count on d 7 among the
treatment groups (p>0.05; Figure 1). The PC diet had the
highest inhibitory effect on fecal Salmonella count from d
14 onward, whereas T1 and T2 diets had intermediate
effects compared to NC diet (p<0.05). In the case of fecal E.
coli, no significant differences were found at d 7 and d 14
counts (p>0.05). The results of d 21 and d 28 counts
showed that all dietary treatments reduced fecal E. coli
count compared to NC diet (p<0.05). Fecal Lactobacillus
spp. count was not significantly differ on d 7 among the
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T2 diets increased Lactobacillus spp. counts compared to
NC diet (p<0.05). Fecal Bacillus count was also increased
by T1 and T2 diets on d 21 and d 28 compared to NC and
PC diets, respectively (p<0.05).

Previous studies have shown that, the number and
species of intestinal microflora changed dramatically in
piglets during the first few days after weaning (Barrow et
al., 1977; Deng et al., 2007a; Wang et al., 2011). In the
current study, dietary antibiotics and acidifiers significantly
reduced fecal counts of pathogenic gram-negative
Salmonella and E. coli and increased beneficial Lactobacilli
and Bacilli concentrations compared to negative control.
Our results are in agreement with Li et al. (2008) who found
reduced E. coli and increased Lactobacilli concentration in
antibiotic and organic acid treated weaned piglets. In
contrary, Collier et al. (2003) reported that, feeding nursery
pigs with antibiotic for 5 weeks suppressed the growth of
small intestinal microbiota and reduced the total bacteria
population. The favorable intestinal microbial modulation
after feeding antibiotics can be attributed to the enhanced
growth performance of pigs after oral challenge. It had been
expected that dietary acidifiers would lower the intestinal
pH and produce a more favorable environment for
Lactobacilli (Fuller, 1989). The low pH and high counts of
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Figure 1. Effects of citric acid and acidifier blend on the fecal microflora population of weaned piglets. Values represent the means of
three pens with two pigs per pen. NC: Negative control; basal diet, PC: Positive control; basal diet+0.002% apramycin, T1: basal
diet+0.5% citric acid, T2: basal diet+0.4% blend acidifier. Lines within a time period not sharing a common letter are significantly
different (p<0.05).
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Table 3. Effects of citric acid and acidifier blend on humoral immune response of weaned piglets*

Treatments?

3
Parameters NG bC 1 = SE p-value
IgG (mg/dL) 409%° 366° 473° 418%® 35.4 0.09
IgM (mg/dL) 30.2 29.9 30.2 30.0 0.74 0.95
IgA (mg/dL) 6.33 5.80 6.60 6.50 0.85 0.68

P Means with different letter superscripts in the same row tended to differ (p<0.10).

! Values represent the means of three pens with five pigs per pen.

2NC (Negative control) = Basal diet, PC (Positive control) = Basal diet+0.002% apramycin, T1 = Basal diet+0.5% citric acid, T2 = Basal diet+0.4%

blend acidifier.
% SE = Pooled standard error.

Lactobacilli may inhibit the colonization and proliferation
of E. coli and Salmonella by blocking possible intestinal
receptors and by secreting metabolites acting against acid-
intolerance bacteria (Roth and Kirchgessner, 1998; Dibner
and Buttin, 2002). It is also possible that organic acid
provides extra energy for aerobic beneficial bacterial
growth (Chaveerach et al., 2004). Walsh et al. (2003)
observed that addition of organic acids promotes reduction
of fecal E. coli and elevation of Lactobacillus, consistent
with the findings of Cole et al. (1968). This result was
further supported by Thomlinson and Lawrence (1981),
who observed reduction of both E. coli multiplication and
piglet mortality as a result of acidification. These studies
collectively confirmed the favorable modulatory effects of
acidifiers on the indigenous gut microbial population and
the similarity of citric acid and acidifier blend with
antibiotics in regard to antimicrobial activity.

Humoral immunity

The effects of antibiotic and acidified feeds on the
serum immunoglobulins (IgG, 1gM, and IgA) of weaned
piglets are shown in Table 3. Supplementation of citric acid
diet increased serum IgG, IgM, and IgA levels, although
only 1gG was significantly affected (p<0.05). The PC diet
showed the poorest immune response among all treatments
(p<0.05).

The concentration of immunoglobulin in the
extracellular fluid can be used as an indicator to measure
the humoral immune response (Deng et al., 20073; Yin et al.,
2008). Indeed, serum IgG, IgA and IgM are the major serum
immunoglobins that protect the extravascular compartment
against pathogenic viruses and microorganisms (Deng et al.,
2007a; Li et al., 2007). Gomez et al. (1998) reported that
serum 1gG protects the intestinal gut surface from bacterial
damage, thereby maintain optimal intestinal function and
gastrointestinal growth, which in turn is beneficial for
health and growth performance of piglets. Maturation and
optimal development of the immune system after birth are
dependent on the development and composition of the
indigenous microflora and vice versa (De Vrese and
Marteau, 2007). Although the effects of organic acids on the
immune response have not been well documented yet, it is

clear that many types of organic acids (including citric acid)
can alter the intestinal gut microflora, which is necessary
for the development of the immune system (Blum et al.,
2002; Guo et al., 2008). Citric and other organic acid
stimulates specific and non-specific immune functions by
modulating the composition of intestinal microbiota against
harmful organisms (Van der Wielen et al., 2000), as well as
lowering the intestinal pH in order to decrease disease
sensitivity. In addition, organic acidifiers are known to
reduce the incidence of subclinical infections as well as
modify the immune system (Dibner and Buttin, 2002).
However, no comparisons with other studies could be made
here since there were no other studies on the effects of citric
acid on immunoglobulins in pigs. The poor immune
response of the antibiotic-treated group could be attributed
to the immunosuppressive effect of apramycin, an
aminoglycoside antibiotic. Roura et al. (1992) reported that
antibiotics may function by preventing immune activation
and decreasing the magnitude of immune response after
enteric challenge.

CONCLUSION

Taken together, dietary supplementation of apramycin
had significantly improved the growth performance and
reduced pathogenic microbial load of piglets under
challenged conditions. Acidification of the diet with citric
acid positively affects the feed conversion ratio and reduced
pathogenic bacterial load which was comparable with
apramycin. Dietary supplementation of citric acid increased
beneficial bacterial counts and serum IgG concentration
compared to control and apramycin supplemented group.
Supplementation of the acidifier blend used in this study
had a negative impact on growth performance parameters,
but it positively influenced the intestinal microflora
population, suggesting further investigation with different
inclusion levels.
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