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1. Introdution
Rearing Brazilian pig presented in the last decades a significant increase in
productivity, a result attributed to several factors, including the low age of
weaning practiced (WALSH et al., 2007b).
Weaning, however, is still considered a critical step for piglets given to
various stressors they are exposed to, how social changes (are separated
from the sow), environmental (change locations) and nutritional (stop eating
breast milk, which is physiologically accessed 60-90 minutes and begin to eat
solid food ad libitum). One of the most important aspects of post-weaning
piglet is the inability to satisfactory adaptation to the new diet.
The lack of adequate digestive enzymes in this phase results in a low
digestion of nutrients (CORASSA et al., 2006) and therefore increases the
osmolarity of the contents of the digestive tract, causing osmotic diarrhea. In
the post-weaning period, with limited feed intake and the action of harmful
bacterial (UTYAMA et al., 2006), the structures of the gut are damaged,
resulting in villous atrophy, due to the greater increase in the rate of epithelial
desquamation and increasing the depth of the crypts to ensure proper rate of
cell renewal and ensure the replacement of lost cells of the apical region
(OETTING et al., 2006).
Also piglets in post-weaning stage have a limited capacity to secrete HCl,
which can result a high gastric pH (Roth, 2000). Moreover, the buffering
capacity of the food may interfere with the stomach pH, which would require
an increase in the amount of HCl needed to acidify it.
The organic acids and their salts are currently presented as an
alternative to reducing gastric pH (Miguel et al. 2011).
Therefore, the phase of weaning can be considered critical, since the
high stomach pH is unfavorable, thus it impairs increases gastric digestion the
risk of the development of pathogenic flora and diarrhea (LI et al., 2008).
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In this context the organic acids also have an interesting effect. Organic
acids non-dissociated can diffuse passively through the cell wall of bacteria,
dissociating in the cytoplasm and thus promoting the decrease in internal pH.
The H+ ions are responsible for this reduction, determining a compatible
framework for certain bacteria, which cannot tolerate a different pH gradient on
both sides of the membrane (SURYANARAYANA et al. 2012), generating
positive effects on pathogenic microflora (PIVA et al., 2007b) through the
bactericidal or bacteriostatic (BASSAN et al., 2008).
Organic acids have been one of the promising in replacement by
antibiotics in diets for piglets that due to growing concern about the
development of resistance among pathogens and the occurrence of these
residues to consumer’s alternatives led the European Union to ban their use.
The United States, in the same shed, set a deadline of three years for
pharmaceutical industries to establish a plan for withdrawal of antibiotics as
growth promoters (NUNES, 2013).
The

mechanisms

of

action

of

organic

acids,

preserved

some

controversies, include direct antimicrobial activity with increasing pepsins by
reducing the pH of the feed and the gastric contents and the antimicrobial
action of the anion, as well as serving as a source of energy (FUENTE et al .,
2005).
The aim of this study was to evaluate the effects of supplementation of
commercial blends with organic and inorganic acids microencapsulated
associated with essential oils and salts of acids on performance, control of
diarrhea and its action on the parameters of quality and efficiency digestive tract
of weaned piglets.

2.

Materials and methods .

The performance trial was conducted at Sector Swine Farm School,
State University of Londrina - Paraná. Were used 72 piglets (Pen Ar Lan),
castrated males and females from a commercial farm with twenty-three days of
age, with the average body weight of 6,00 kg ± 1,2 kg. Was used 24 masonry
stalls, distributed in two rows, with 2.97 m2 area each bay, separated by brick
walls with a height of 0.80 m were used. Concrete stall and floor, covered wood
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shavings was used. In the first two weeks of the trial period wooden feeders
(0.30m x 0.09m) that were later replaced by metal semi-automatic feeders were
used.
The

animals

were

fed

the

experimental

diets

and

water ad

libitum throughout the experiment.
The treatments consisted of two formulations, iso nutrients and
isocaloric, one as control and two blends of organic acids diets were formulated
to meet the minimum requirements for piglets with high genetic potential with
higher performance requirements, three phases, pre starter (23 - 37 days),
starter I (38 - 51 days) and starter II (52 to 63 days), was used pre starter, 0,700
kg/ton, starter I 0,600 kg/ton and starter II 0,600 kg/ton T2 Agracid S;
Competitor product was used in three stages 2.0 kg/ton, T3 and T1 control
(free of organic acids).
Fatty Acids analysis was performed FUNEP- Foundation to support
research, education and extension Address: V-AC PRF. PAULO DONATO
CASTELANI, 0 (CAMPUS UNESP - JABOTICABAL-SP).
Microbial counts were performed at the Laboratory Laboratory Mercolab
Mercolab, Cascavel - PR-Brazil.
The aim of this study was evaluate the performance, diarrhea incidence,
flow rate, stomach and small intestine pH contents, volatile fatty acids in cecum,
morphology of the duodenum, jejunum and ileum, microbiological score, organs
morfometry.

Experimental Unit of State University of Londrina.
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Microbial counts were performed at the Laboratory Mercolab, Cascavel PR-Brazil.

3. Results
3.1. Performance
The results obtained from the performance assay are shown in Table 1.
Tabela 1: Table 1: Body weight gain (BWG), diary feed intake (DFI), feed conversion ratio (FCR), final average weight (AW) according to experimental
phases. Values in expressed in kg.
Performance
Pre starter
Treatment

BWG

CDR

FCR

starter I
Pfinal

BWG

CDR

FCR

starter II
Pfinal

GDP

CDR

FCR

Total
Pfinal

BWG

CDR

FCR

T1

0,303 0,500 1,702 10,154 0,580 0,804 1,400 17,690 0,649 1,229 1,900 26,130 0,496 0,804 1,635

T2

0,295 0,514 1,773 10,034 0,610 0,796 1,308 17,97 0,672 1,282 1,908 26,710 0,511 0,820 1,607

T3

0,294 0,513 1,783 10,006 0,579 0,803 1,389 17,54 0,655 1,245 1,906 26,060 0,494 0,813 1,650

Average

0,293 0,513 1,790 10,003 0,589 0,801 1,365 17,66 0,662 1,259 1,924 26,265 0,499 0,815 1,635

The average daily gain and average weight for all phases were calculated for all animals.
T1: Control (free from organic acids)

7

T2 Agracid S.
T3 C ompetitor product

The results were different from those observed by Santos (2010), who
used a microencapsulated product containing fumaric and malic acid with
different concentrations of essential oils for piglets in the nursery phase. The
author observed differences in feed efficiency of animals receiving the additive,
but found that in a minor amount of organic acids and higher amounts of
essential oils showed better rates of weight gain.
Regarding the use of blends of microencapsulated acids Piva et al.
(2007a) reported that their use can reduce by 10 times the inclusion of acids in
free form minimizing possible damage worsens acids on feed intake. However,
this behavior was not observed in this work. Along the same line, Grilli et al.
(2010) found that a diet containing microencapsulated organic acids determined
optimum performance of piglets in the nursery phase. However, these results
did not identify with the values obtained in this experiment.
To Freitas et al. (2006) the response of acidifiers on performance is a
function of their level of inclusion in the diets. In turn, Lawlor et al. (2006) treat
the performance responses to supplementation acids are associated with the
type of acid, the level of inclusion of these, phase the animal growth and health
status of piglets.
Was noted that we found no difference between treatments, the Agracid
S (T2) got the same result presented by Competitor (T3), which was similar to
the treatment without acids (T1), leads us to the hypothesis that there are a
number of others to acids that can mask the effects factors involved. On this
way, the results may have been affected by the environment, which did not
correspond to that of a commercial farm, and may, because of a lower health
challenge, besides the intense handling treatment applied 4 times during the
day did not affected in consumption and in responses of additives. Lactose
levels in the diet also used might have influenced the good performance of
animals fed diet without acids.
Reduction in feed intake not was observed , which was vital to the
performance of the lots, contrary to the observation of Walsh et al., (2007b),
which reported a reduction in consumption when was the combined use of acids
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were observed in diet and in drinking water, this being due to worsening of
palatability due to high levels of acids.
Thus, the divergence of results between searches using acids to piglets
from daycare is probably due to variations in experimental conditions, such as
nutritional quality of the diets, the level of addition of acidifying and the level of
environmental challenge and the health status of animals.

3.2

Diarrhea incidence

The diarrhea score (Table 2 and graphic 1), it was observed that piglets
fed the diet without added organic acid (T1) had a higher incidence compared
with other treatments.
Table 2: Percentage of animals with diarrhea in pre-initial period 0-14 days, fed
with different blends of organic acid.
Treatment

Animals without
diarrhea

Number of observations

T1
T2
T3
Total(%)

24
24
24
120

37,5
79,17
66,67
65

T1: Control (free from organic acids)
T2 Agracid S.
T3 Competitor

Animals with diarrhea
70,00
60,00
50,00
40,00
30,00
20,00
10,00
0,00
T1

T2

T3

Animals with diarrhea
62,5
20,83
33,33
35
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According to Braz (2008), the high frequency of diarrhea at this stage
due to the immaturity of the digestive and immune systems of piglets. Diarrhea
can also occur by the presence of undigested food waste and not absorbed that
serve as substrate for pathogenic micro-organisms.
It is observed that piglets fed blends of organic acid (T2 and T3) had less
diarrhea (fewer animals had the development of the framework) and in the
shortest time interval is restored, identifying himself with the observation made
by Freitas et al. (2006).
Corassa, Bellaver (2012), obtained results different from who worked
with citric acid and sorbic, and Miguel et al. (2011), who used diets with various
organic acids (diformiato potassium, fumaric acid, citric acid, benzoic acid)
found no benefit for the control of diarrhea with the use of these acids,
assigning other factors engagement with the frame.
The treatment comprises of the blend with organic oils and essences acids with
lesser dose
other
showed

than

the

treatments

Table 3: Flow rate of the diet according to the
if treatments

successful

in

controlling

diarrhea,

Time in minutes

indicating

T1

573,5

synergistic

of

T2

560,5

essential oil

with organic

T3

569,2

acid (PIVA

Tratmentes

the
effect

et al., 2007b).

3.3 Flow rate
In Table 3 are demonstrated the flow rate obtained in minutes.
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In face of results, the blends of acids did not affect the transit time of the
diet, even in treatments that resulted in reduction of stomach pH, contradicting
the hypothesis that the acidification can affect the rate of gastric emptying, a
mechanism of quantitative and qualitative control of microflora and also the
mixing of digestiv process (PEÑACOBA, 2002). The reduction of gastric pH
results in shorter transit time and increased gastric retention due to increased
proteolytic enzyme activity (Costa et al., 2013). Changes in protein digestion in
the stomach may affect the flow of the diet into the lower gastrointestinal tract
by modifying the intestinal microflora and fermentation promoting changes in
the protein that reaches the small intestine, leading to changes in intestinal
transit time (BRAZ et al., 2011). However, Smith (2008) using blends of organic
acids, reports no difference in stomach pH, but Piva et al. (2007a) and Gomes
et al. (2011) found a reduction of stomach pH when added organic acids in the
diet.
Manzanilla et al. (2004) observed that diets based essential oils pepper,
slow the rate of passage through the effect of capsaicin, increasing the time of
digesta in the stomach, acting as a barrier to pathogens, producing possible
beneficial effects on the digestive ecosystem without affecting digestion.
However, in the treatments containing essential oils, this effect was not evident.
Reduction in gastric pH is increased retention time has been difficult to be
demonstrated, whereas the improved apparent ileal digestibility of protein and
amino acids were observed with growing pigs, but not in weaned piglets
(Partanen, MROZ 1999) .
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Photo feces with marker passing

3.4 Stomach and small intestine pH contents
As for the mean pH values of stomach contents and small intestine
(Table 4), 40 days after the beginning of the experiment, we note that there
were differences between treatments with T3 diet, with lower pH, should also be
considering that the blends acid were microencapsulated, showing that the
process medium chain fatty acids protect acids dissociate in the stomach, past
coupled to the small intestine. However, this possibility of changing the pH in
the small intestine was not confirmed.

Table 4: pH of the stomach contents and the contents of the small intestine of
piglets fed the different blends of organic acids on the end of the experiment.
Treatment

Stomach

Small intestine

T1
T2
T3

4,391
3,819
4,266

6,201
5,974
6,253

Average

4,181

6,184
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Graphic 2: pH of the stomach contents and the contents of the small intestine of
piglets fed the different blends of organic acids on the end of the experiment..

7,00
6,00

pH

5,00

6,201 5,974 6,253
4,39

4,00

3,82

4,27

3,00

Stomach

2,00

Small intestine

1,00
0,00
T1

T2

T3
Treatment

A factor limiting the use and effectiveness of these are acid is absorbed
very quickly after leaving the stomach. Piva et al. (2007b), working with weaned
piglets, no significant differences in pH of the stomach when they added a
mixture of organic acids and plant extracts microencapsulated by checking only
difference in the caudal portion of the jejunum, the highest pH in the diet has not
received the product.
Many studies show that it is practically impossible to significantly
change the pH of the stomach and intestine of a pig, even when large amounts
of organic acids are used in animal feed (Corassa; Bellaver, 2012).
Costa et al. (2013) reported that comparisons between the studies aimed
at determining the reduction in gastric pH of animals receiving organic acids
because of the wide variation in the methods and difficulty of measuring pH in
the stomach. Another hypothesis is that at slaughter contamination of the
contents of the stomach with saliva or duodenal contents, which tends to
increase gastric pH by introducing alkaline substance may occur in the stomach
(BRAZ et al. May 2011).

3.5. Volatile fatty acids

About the analysis in cecum content (Table 5), it was observed that the
treatments affected the production of acetic, propionic and butyric where the
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control diet showed a lower concentration of this, compared to other treatments.
Acids showed a higher concentration for the T2 treatments compared to the
control, and T3. The production of valeric acid was not affected by diets.

Table 5: Concentration in mmol/L of volatile fatty acids in cecum in the
end of experiment.

Treatment

T1

T2

T3

Acetic acid
Propionic acid
Butiric acid

8,03
7,09
3,18

17,17
12,88
6,06

15,33
11,65
5,48

Valeric acid

0,87

1,42

1,65

Graphic 3: Concentration in mmol/L of volatile fatty acids in
cecum in the end of experiment.

20,00
17,17

18,00

15,33

16,00
12,88

mmol/L

14,00

11,65

12,00
10,00

8,03
7,09
8,00

Propionic acid
6,06

6,00
4,00
2,00

Acetic acid

5,48

Butiric acid
Valeric acid

3,18
0,87

1,42

1,65

0,00
Treatment

Whereas essential oils and organic acids have a modulating effect on
the microbial population of small and large intestines (SURYANARAYANA et
al., 2012) is expected to cause a change in the pattern of VFA, especially
essential oils and acids when microencapsulated organic therefore can better
reach the large intestine.
Willamil et al. (2011) showed that the organic acids microencapsulated
have the ability to modify the cecal fermentation. The use of a blend of
microencapsulated organic acid in the diet improved the fermentation in the
large intestine of piglets in treatment compared to control, resulting in the
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increased production of VFAs (GRILLI et al. 2010). Thus, the addition of sodium
formate or benzoic acid or fumaric acid is not encapsulated in the diet of piglets
56 days of age showed no difference in the cecum, but showed variation of this
AGV in the duodenum and ileum (KASPROWICZ-POTACKA et al. , 2009),
indicating greater bacterial fermentation in these portions of the tract. We
observed that treatment resulted T2 greater VFA concentration, confirming the
hypothesis that association of the organic acid improves bacterial fermentation
in the cecum. Also can be assign the blend of microencapsulated organic acids
(T3) reached the cecum, improving bacterial fermentation.

3.6

Morphology of duodenum, jejunum and ileum

Regarding the morphometric values of the small intestine (Table 6) for
villous height, there was a difference in the duodenum and jejunum and ileum
for treatments T2 in favor of the treatment group compared to the control
treatment T1 and T3. Villus:crypt was no difference in the duodenum, jejunum
and ileum with advantage for the treatment T2 compared to T1 and T3
treatments.

Table 6: Average height (µm) of the villi (AV) of the crypt depth (PC), the ratio of villus height/crypt
depth (VH / CD) measures duodenum at the end of the experiment. (amounts expressed in microns)
VILLUS
Treatment
T1
T2
T3

CRYPT

VILLUS/CRYPT

Duodenum Jejunum Ileum Duodenum Jejunum Ileum Duodenum Jejunun Ileum
269,9
193,0 239,3
442,0
387,6 339,0
0,611
0,497 0,705
297,6
277,0 241,9
433,0
320,4 322,0
0,688
0,866 0,752
267,2
206,0 202,9
415,0
324,0 276,0
0,643
0,635 0,735

T1: Control (free from organic acids)
T2 Agracid S.
T3 Competitor

The results favor the T2 treatment compared to the control diet and the
treatment T3, especially the height of the villi of the jejunum, a major producer
of enzymes and absorptive region, identifying himself with the observations of
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Braz et al. (2011) who found that the best results in intestinal morphology, using
a blend of organic acids. Nor was there any loss of acids on these parameters,
contrary Gomes et al. (2007) different from that expected by the use of acidic
effects observed that the addition of 1% of fumaric acid to butyric acid (0.1%)
and formic (0.5%) in the diet of piglets at three week post-weaning caused
damage at the time of the duodenum. In villus/crypt relation there was an
improvement in the treatment compared to the control T2 and T3, showing an
improvement in intestinal morphology.
3.7

Microbiological score

Microbiological counts are shown in Table 7. Difference was found
between treatments Lactobacillus spp, Escherichia coli, Salmonella ssp and
Clostridum was observed.

Table 7: Bacterial count of Lactobacillus spp, E. coli, Salmonella spp,
Clostridium perfringens, according to the experimental treatments
Treatment
T1
T2
T3

Lactobacilus ssp
1,9 x 10⁸
1,3 x 10⁸
1,5 x 10⁸

E. Coli
3,4 x 10⁶
2,3 x 10⁶
2,6 x 10⁶

Salmonella
Negativo
Negativo
Negativo

Clostridium
Negativo
Negativo
Negativo

T1: Control (free from organic acids)
T2 Agracid S.
T3 Competitor

The results are found by according to the Kasprowicz-Potocka et al.
(2009), working with fumaric acid and the observed difference in the count
Clostridium perfringens, Lactobacillus and E. coli, but differ as benzoic acid
addition increased the population of Clostridium perfringens in stools in the
cecum and duodenum.

3.8 Organs morphometry
In Table 8 it can be observed that there was no difference in the relative weight
of the organs of the digestive system between treatments
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Table 8: Organ weights in kg (stomach, small intestine and large intestine and the
total weight of the organ)
Parameters
Treatment
Stomach Small intestine
Large intestine
Total of organs
T1
0,803
4,380
3,093
8,276
T2
0,854
4,531
3,061
8,446
T3
0,824
4,387
2,901
8,800
Média Geral
0,817
4,398
3,060
8,416
T1: Control (free from organic acids)
T2 Agracid S.
T3 Competitor

The development of this organ according to the performance of the
animals, where no significant difference in feed intake, a factor that could
change the weight of these. According to Braz, (2007), isocaloric and
isonitrogenous rations, and feed intake of animals between treatments were
similar and they are not found difference in organ weights. The findings can be
related to the theory that the organ weight changes with consumption of energy
and / or protein (Bikker et al. 1995), a fact that confirms the hypothesis since the
diets used were isonitrogenous and isocaloric .

4.

Conclusion

The blends of organic acids were effective in controlling diarrhea in postweaning period, this effect is attributed to the ability to act in the small intestine
and large intestine, resulting in increased VFA production in the cecum, and
improves intestinal morphology of treatment T2. The use of blends with
essential oils, proving its synergism was effective even at lower, effective
control of the effects of diarrhea and VFA production rates. These conditions
may favor the economics of treatments and are positive in the diet formulation
to minimize the inclusion of non-nutritional additives.
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