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ABSTRACT

The objective of the experiment was to compare effects of dietary
supplementation of organic acids (ProHacid Advance, PRO) and
antibiotics on growth performance, diarrhea incidence, frequency
of antibiotic treatment, and E. coli shedding in weaned pigs.
A total of 224 crossbred weaned pigs [(Yorkshire x Landrace)
x Duroc; 29 days old)] were allotted to 1 of 4 treatments with
7 replicate pens of 8 pigs each according to sex, litter origin
and weight in an RCBD. The 4 dietary treatments included
(1) basal diet + 50 mg/kg neomycin and 10 mg/kg enramycin
(positive control, PC), (2) basal diet without antibiotics (negative
control, NC), (3) As 2 + 0.25% PRO, and (4) As 2 + 0.5%
PRO. Over a 4-week study, the results showed that there were
no differences in the average daily gain and average daily feed
intake of pigs among the 4 treatments (P = 0.328). However,
pigs fed the PC diet (1.642) and 0.25% PRO-supplemented diet
(1.641) had a lower feed to gain ratio (P < 0.05) than those fed
the NC diet (1.808). The diarrhea incidence of pigs fed the 0.25%
PRO-supplemented diet (7.36%) was lower (P < 0.01) than that
of pigs fed the PC diet (11.61%), NC diet (16.70%), and 0.5%
PRO-supplemented diet (10.08%). The frequency of antibiotic
treatment of pigs consuming the 0.25% PRO-supplemented diet
(4.67%) was lower (P < 0.01) than that of pigs consuming the PC
diet (7.33%), NC diet (9.53%) and 0.5% PRO-supplemented diet
(7.65%). No differences were found in the number of fecal E. coli
among the 4 treatments. In brief, 0.25% PRO added to a nursery
pig diet would be considered a potential alternative to the use
of antibiotics in feed, but further research on this aspect is needed.

Cited as: Che, T. M., Nguyen, N. T. M., Nguyen, H. T, Le, T. T., & Péron, A. (2018). Efficacy
of organic acids as an alternative to antibiotic growth promoters in weaned pigs. The Journal of
Agriculture and Development 17(6), 8-14.

1. Introduction

Weaning is a critical time during which piglets
commonly have low feed intake, retarded growth
and diarrhea. Organic acids added to diets may
provide benefits through maintaining a low gas-
tric pH that potentially enhance nutrient di-
gestion and reduce pathogen survival. In recent

decades, acidifiers have been reported as poten-
tial alternatives, among other feed additives, to
antibiotics in pig diets (Partanen & Mroz, 1999;
Kim et al., 2005; Kil et al., 2011). Much of this
interest arises from increased public awareness
and objection to the use of antibiotics as growth
promoters in animal diets. Some previous stud-
ies have shown favorable effects with dietary or-
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ganic acids in improving growth performance and
feed efficiency, but others have found no effects or
negative responses (Partanen & Mroz, 1999; Kil
et al., 2011; Che et al., 2012). Hence, an evalua-
tion of the efficacy of acid products under typical
Vietnam conditions is needed to guide the use
of an acid-related product. This would provide
pig producers with more tools to cope with the
recent in-feed antibiotic ban in Vietnam. The ob-
jective of the experiment was to evaluate effects
of organic acids on growth performance, diarrhea
incidence, frequency of antibiotic treatment, and
E. coli shedding of weaned pigs from 29 to 57
days of age.

2. Materials and Methods

2.1. Experimental design, animals, and hous-
ing

Two hundred and twenty-four crossbred
weaned pigs [(Yorkshire x Landrace) x Duroc; 29
days old; 8.44 ± 1.01 kg of BW] were randomly
allotted to 4 treatments in a randomized com-
plete block design. Pigs were blocked by their ini-
tial body weight within sex. Ancestry was equally
distributed across treatments. The 4 experimen-
tal treatments included (A) basal diet with an-
tibiotics (50 mg/kg neomycin and 10 mg/kg en-
ramycin, positive control, PC), (B) basal diet
without antibiotics (negative control, NC), (C)
basal diet without antibiotics + 0.25% ProHacid
Advance (PRO), and (D) basal diet without an-
tibiotics + 0.5% PRO. Each pen within a block
had the same number of gilts and barrows. There
were 8 pigs/pen and 7 replicate pens/treatment.
Pigs were housed in an environmentally con-
trolled building. Each pen measured 2.0 m x 2.5
m in size with slatted floor and had one nipple
waterer.

2.2. Experimental diets and animal feeding

The basal diet was formulated to meet or ex-
ceed the nutritional requirements of pigs during
the experimental period (NRC, 1998). The ex-
perimental diets were obtained by adding antibi-
otics or PRO on top of the basal diet. ProHacid
Advance is a blend of organic acids and their
salts, consisting of citric acid, fumaric acid, ben-
zoic acid, calcium formate, calcium lactate, and
potassium sorbate. It was provided by Provimi
Vietnam. Neomycin and enramycin were included

in diets at levels of 50 ppm and 10 ppm, respec-
tively. The ingredient composition of the basal
diet is presented in Table 1. Pigs were fed a one-
phase feeding program (29-57 d old). Diets were
in mash form. Pigs had free access to feed and
water throughout the experiment.

Table 1. Ingredient and nutrient composition of the
basal diet (as-fed basis)

Ingredients Percentage

Corn, ground 56.15
Soybean meal, 46% 34.20
Soybean oil 4.50
MCP (15% Ca, 23% P) 1.40
Limestone, 38% 1.50
Salt 0.30
Mineral premix1 0.50
Vitamin premix2 0.50
Antioxidant 0.10
Zinc oxide 0.33
Phytase 0.01
L-Lys, 78.8% 0.38
DL-Met, 99% 0.08
L-Thr, 98.5% 0.05
Nutrient analysis
ME, kcal/kg3 3400
DM, % 89.55
Crude Protein, % 20.98
Ether extract, % 6.75
Crude fiber, % 2.29
Ash, % 6.28
Ca, % 0.90
Total P, % 0.70

1Provided per kg of diet: Fe (100 ppm), Cu (40 ppm), Zn (80
ppm), Mn (20 ppm), Se (0.3 ppm), I (0.3 ppm).
2Provided per kg of diet: vitamin A (6000 IU), vitamin D3
(600 IU), vitamin E (60 IU), vitamin K (5 ), vitamin B2 (9
mg), vitamin B5 (27 mg), vitamin B12 (0.05 mg), niacin (50
mg).
3Calculated.

2.3. Feed sample analyses

A feed sample was ground to pass through a 1-
mm screen before analysis and analyzed accord-
ing to the standard methods. Diet samples were
analyzed for DM (EC 152/2009), CP (AOAC
2001.11), crude fat (TCVN 4331:2001), crude
fiber (AOCS Ba-6a-05), ash (EC 152/2009), Ca
(AAS08, reference 73/46/EEC), and P (AOAC
965.17). The nutrient analyses were performed
by Upscience Vietnam in Binh Duong province,
Vietnam. The analyzed nutrient composition of
the basal diet is presented in Table 1.
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2.4. Measurement of pig performance, diar-
rhea incidence, and antibiotic treatment

The initial BW of pigs in each pen was recorded
at the commencement of the experiment. The
subsequent pen weights and feed disappearance
measurements were determined at 57 days of age.
The ADG, ADFI, and F:G were calculated on a
per-pen basis. Pigs with diarrhea were recorded
daily by visual observations with a score from 1
to 5 (1 = normal; 2 = moist feces; 3 = mild diar-
rhea; 4 = severe diarrhea; 5 = watery diarrhea).
Incidence of diarrhea was calculated by counting
pig days with diarrhea score of 3 or greater (pasty
and liquid feces) during the entire experimental
period. The number of antibiotic treatments per
pen was also recorded daily.

2.5. Bacterial analysis

Fecal samples were directly collected by a fecal
loop from one identified pig per pen at 29 days of
age for enumeration of E. coli., and subsequent
samples were taken from the same pigs in each
pen at 43 and 57 days of age. Fecal samples were
placed on ice for transportation to the lab, where
analysis was immediately done. A 10-g sample of
feces was added to 90 mL of buffered peptone
broth, homogenized, and then serially diluted by
ten-fold. From all five consecutive dilutions (from
10−1 to 10−5), 1 mL was inoculated into each 3
lauryl sulfate broth (LSB) media and incubated
at 370C for 24 to 48 h. Gas positive tubes of
3 consecutive dilutions were transferred into E.
coli medium (EC) and incubated at 44.50C for 24
h. The EC positive tubes were used to inoculate
eosin methylene blue (EMB) agar plates and in-
cubated for 24 h at 370C for E. coli isolation. Fi-
nally, presumptive E. coli colonies from the EMB
agar plates were confirmed by the IMViC test.
Positive tubes of three consecutive tubes were
used for standard MPN calculation. The num-
ber of E. coli is expressed as log10 MPN per one
gram of fecal sample.

2.6. Statistical Analysis

Data were analyzed as an RCBD using the
GLM procedure (SAS Inst. Inc., Cary, NC). The
pen was considered the experimental unit for
ADFI, BW, ADG, and FCR, whereas individual
pig was considered the experimental unit for the
other parameters. When a significant F value for

treatment means was observed in analysis of vari-
ance, the treatment means were compared using
Tukey’s test. The incidence of diarrhea and fre-
quency of medical treatments were compared by
Chi-square test. Treatment effects were consid-
ered significant at P < 0.05.

3. Results

3.1. Growth performance

At the commencement of the experiment (29
days of age), there were no differences (P =
0.471) in the initial BW of pigs among the treat-
ments (Table 2). At the end of the experiment (57
days of age), although pigs fed the diet contain-
ing 0.25% PRO (17.65 kg/pig) had greater BW
than those fed the PC diet (17.48 kg/pig), NC
diet (16.78 kg/pig), and 0.5% PRO-supplemented
diet (17.40 kg/pig), these differences were not
statistically significant (P = 0.286). There were
no differences in ADFI and ADG of pigs among
the 4 treatments (P > 0.05). However, there
were significant differences in F:G ratios of pigs
among the 4 treatments (P = 0.021). Particu-
larly, pigs fed the PC diet (1.642) and 0.25%
PRO-supplemented diet (1.641) had a lower F:G
ratio (P < 0.05) than those fed the NC diet
(1.808).

3.2. Diarrhea incidence and medical treatment

There were significant differences in the diar-
rhea incidence of pigs among the 4 treatments
(P < 0.001; Figure 1). Pigs fed the 0.25% PRO-
supplemented diet (7.30%) had a lower rate of
diarrhea (P < 0.01) than those fed the PC diet
(11.61%), NC diet (16.70%) and 0.5% PRO-
supplemented diet (10.08%). The diarrhea inci-
dence of pigs fed the NC diet was greater (P
< 0.001) than that of pigs fed the PC diet and
0.5% PRO-supplemented diet. No difference (P =
0.168) in the incidence of diarrhea was found be-
tween the PC diet and 0.5% PRO-supplemented
diet.

There were significant differences in the fre-
quency of antibiotic treatments among the 4
treatments (P < 0.001; Figure 2). Pigs fed the
0.25% PRO-supplemented diet (4.67%) had a
lower frequency of antibiotic treatments (P <
0.01) than those fed the PC diet (7.33%), NC
diet (9.53%) and 0.5% PRO-supplemented diet
(7.65%). The frequency of antibiotic treatments
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Table 2. Effects of dietary supplementation of organic acids on growth performance of nursery pigs

Item
Dietary treatments1

SEM P
Positive
control

Negative
control

0.25% ProHacid
Advance

0.5% ProHacid
Advance

Initial BW, kg/pig 8.45 8.45 8.44 8.41 0.05 0.909
Final BW, kg/pig 17.48 16.78 17.65 17.40 0.33 0.286
ADFI, g 530.3 524.2 533.1 528.6 18.46 0.989
ADG, g 322.6 293.5 325.3 321.2 12.91 0.297
F:G, kg/kg 1.642b 1.808a 1.641b 1.657ab 0.040 0.021

17 pens/treatment and 8 pigs/pen.
a-bMeans with different superscript letters within a row differ (P < 0.05).

Table 3. Effects of dietary supplementation of organic acids on fecal shedding of E. coli
(Log10 MPN/g)

Age, d
Dietary treatments1

SEM P
Positive
control

Negative
control

0.25% ProHacid
Advance

0.5% ProHacid
Advance

29 6.01 5.82 6.06 6.42 0.391 0.744
43 5.60 5.52 5.77 4.59 0.424 0.230
57 5.44 5.55 5.76 6.55 0.745 0.050

1n = 7 (7 pigs/treatment).

of pigs fed the NC diet was greater (P = 0.027)
than that of pigs fed the PC diet but was not
different (P = 0.061) from that of pigs fed the
0.5% PRO-supplemented diet. No difference (P
= 0.735) in the frequency of antibiotic treatments
was found between the PC diet and 0.5% PRO-
supplemented diet.

3.3. Fecal E. coli concentration

No effects of dietary treatments on E. coli shed-
ding were found at 29 days of age (P = 0.744;
Table 3). At 43 days of age, there were no differ-
ences in the E. coli counts among the 4 treat-
ments (P = 0.230). At the end of the experi-
ment (57 d old), the E. coli counts in pigs receiv-
ing the 0.5% PRO-supplemented diet (6.55 log10

MPN/g) tended (P = 0.050) to be greater than
those in pigs fed the PC diet (5.44 log10 MPN/g),
NC diet (5.55 log10 MPN/g), and 0.25% PRO-
supplemented diet (5.76 log10 MPN/g).

4. Discussion

For decades, antibiotics have been used in food
animal production for disease prevention and
growth promotion. However, in recent years, the
use of antibiotics as growth promoters has de-
clined due to an increasing concern about an-
timicrobial resistance in bacteria. Vietnam has

recently banned the use of antibiotics as growth
promoters in animal feeds, but some antibiotics
such as neomycin and enramycin can be used
at low doses. In the current study, organic acids
added to the nursery diets had the same weight
gain as those fed the PC diet and numerically in-
creased the weight gain of pigs by over 9% as com-
pared with the NC diet. Indeed, it was reported
that effects of organic acids on growth rate of
weaned pigs were inconsistent. Some researchers
have shown positive effects with dietary supple-
mentation of organic acids in improving growth
rate (Bergstrom et al., 1996; Boling et al., 2000),
but others have found nothing or negative re-
sponses (Radecki et al., 1988; Manzanilla et al.,
2004; Che et al., 2012). The efficacy of organic
acids on growth performance may be dependent
on several factors such as complexity of diet, type
of acid, inclusion level of acid, etc. For example,
addition of 0.3% benzoic acid to a nursery diet
did not clearly affect weight gain of pigs (Phan
et al., 2014), but a diet supplemented with 0.5-
1.0% benzoic acid improved growth rate of pigs
(Kluge et al., 2006; Guggenbuhl et al., 2007).

Organic acids added to a diet have been shown
to produce beneficial effects through reduced sur-
vival of pathogens and increased digestion of nu-
trients leading to better animal health and perfor-
mance (Partanen, 2001; Lawlor et al., 2006; Kil
et al., 2011). Especially, under stressful or dis-
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Figure 1. Effects of ProHacid Advance on the incidence of diarrhea during the experimental period. There
were 56 pigs/treatment. Diarrhea incidence: Diarrhea x 100/pig days; Diarrhea: number of pig days with
diarrhea; Pig days: number of pigs x the number of days of diarrhea observation. a-dMeans with different
superscript letters differ (P < 0.05).

Figure 2. Effects of dietary supplementation of ProHacid Advance on the frequency of antibiotic treatment
during the experimental period. There were 56 pigs/treatment. Frequency of antibiotic treatment: Medical
treatment x 100/pig days; Medical treatment: number of pig days with treatment; Pig days: number of pigs
x the number of days of medical treatment observation. a-dMeans with different superscript letters differ (P
< 0.05).
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ease challenge conditions, organic acids may be a
useful tool to reduce unfavorable impacts such
as increased diarrhea and high mortality (Ris-
ley et al., 1993; Tsiloyiannis et al., 2001; Man-
zanilla et al., 2004). First, it should be noted
that although there were no clear effects of or-
ganic acids on weight gain of pigs, 0.25% PRO
added to the diet significantly improved the feed
efficiency of pigs as compared with the NC diet
(Table 2). This improvement is likely associated
with the ability of organic acids in lowering gas-
trointestinal pH, thereby increasing nutrient di-
gestibility (Ravindran & Kornegay, 1993; Parta-
nen & Mroz, 1999; Partanen, 2001). In a meta-
analysis of organic acids for pigs, Che & Quach
(2011) reported that organic acids added to a
nursery diet significantly improved the dry mat-
ter and crude protein digestibilities. In the cur-
rent study, pigs fed the diet containing antibiotics
(neomycin & enramycin) had the same FCR as
those fed PRO-supplemented diets. In addition,
feeding the 0.25% PRO-supplemented diet to pigs
reduced the incidence of diarrhea compared to
feeding the other diets. This improvement may be
associated with the organic acids-enhanced feed
efficiency which would help limit the substrates,
especially protein for bacterial fermentation. In
cecum and colon, it was reported that undigested
proteins produced toxic compounds causing diar-
rhea in pigs (Makkink, 2001).

Dietary supplementation of PRO did not
clearly influence the E. coli shedding of pigs (Ta-
ble 3). These results agree with those of previous
studies. Walsh et al. (2007) reported that pigs
fed a blend of organic acids had the same E. coli
shedding as those fed the control. According to
Phan et al. (2014), 0.3% benzoic acid added to
nursery diets did not affect the number of fecal
E. coli. In the intestines, the balance of harmful
and beneficial microbes is likely more important
than the dominance of certain bacterial strain.
This helps maintain a balanced microflora sys-
tem leading to more healthy gut and less diar-
rhea. It has been shown that organic acids differ-
ently affect the microflora populations along the
gastrointestinal tract, and they do not produce
an environment that is favorable for potentially
beneficial bacteria but harmful to coliforms and
E. coli (Che & Quach, 2011). As shown in Table
3, pigs fed 0.5% PRO-supplemented diet had a
numerically greater number of fecal E. coli than
those fed the other diets at 56 days of age.

5. Conclusions

ProHacid Advance added to a nursery diet at
an inclusion level of 0.25% improved the feed ef-
ficiency of pigs as compared with the negative
control. There were no differences in growth rate
and feed efficiency between pigs fed ProHacid Ad-
vance and antibiotics. The addition of 0.25% Pro-
Hacid Advance reduced the diarrhea incidence
and frequency of medical treatment of pigs as
compared with the positive and negative controls.
Thus, ProHacid Advance would be considered a
potential alternative to the use of antibiotics in
nursery pig diets, but further research on this as-
pect is needed.
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