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ABSTRACT

Supplementation of diets for weanling pigs with organic acids (e.g. citric, formic, fumaric and
propionic acid) has been shown, in many cases, to increase average daily weight gain (ADG, range
4 to 27%) and gain to feed ratio (G/F, range 3 to 15%) and reduce the incidence of diarrhea.
However, organic acid supplementation may not always improve ADG or G/F. Potential reasons for
inconsistent results are briefly discussed. The growth promoting effects of organic acids may
be attributed to increased nutrient and energy retention and digestibility {up to 4%), alteration
of bacterial populations and metabolites in the gastrointestinal tract and(or) an effect on meta-
bolism. More research on the physiological, microbial and biochemical effects of supplementing diets
for weanling pigs with organic acids is necessary to provide better understanding of their mode of
action.
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INTRODUCTION

Pigs, weaned at 3 to 4 weeks of age, often exhibit low or no weight gain, low
feed intake and often diarrhea. The period after weaning is often referred to as
the ”post-weaning check or lag period” and may persist for up to 2 weeks. As was
reviewed by Kidder and Manners (1978), the secretion of gastric HCl is relatively
low during the first 3 to 4 weeks of life and reaches a plateau by 8 to 10 weeks. The
secretions of pancreatic lipase, amylase and trypsin follow the same pattern
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(Kidder and Manners, 1978). Supplementing diets with antibiotics to prevent
diarrhea after weaning may result in selection of resistant strains of pathogenic
bacteria. Therefore, interest in ~natural” feed additives, such as organic acids,
has developed.

Kirchgessner and Roth (1988) concluded that the growth promoting effects of
organic acids may be due to: increased nutrient digestibility, decreased pH in the
diet (and likely gastric pH) and decreased bacterial growth and improved pepsin
activity and metabolic effects, especially with respect to energy utilization,
Excellent reviews, including those by Kirchgessner and Roth (1982a, 1988,
Easter (1988) and Ravindran and Kornegay (1993), have been presented
previously. The effects of organic acid supplementation on animal performance,
nutrient and energy retention and digestibility, compounds in the gastrointes-
tinal tract (GIT) and microflora and metabolism are summarized in this review.
This review discusses statistically significant (P<0.05) findings concerning
the supplementation of weanling pig diets with organic acids. When informa-
tion is lacking, data from studies involving growing pigs and other species are
used.

Animal performance

When diets for weanling pigs are supplemented with organic acids, average
daily weight gain (ADG) may be increased by up to 26.9% or decreased by up to
15.1% (Table 1). The range is not as wide for gain to feed ratio (G/F) which may
be increased by up to 15.4% or decreased by up to 5.9%. Potential reasons for the
highly variable results between studies and even in the same study may relate to
differences in diet type and composition, age of the animals used, length of
feeding period and health status of the animals. These factors are discussed in
more detail in the following pages. The ranges of supplementation rates used for
citric (CA), formic (FoA), fumaric (FA) and propionic {PA) acid were 0.5 to 3%,
0.35t0 2.4%, 1 to 4% and 0.3 to 3%, respectively. The maximum improvements
in ADG and G/F when diets were supplemented with these acids were 7.4 and
11.0%,26.9 and 8.6%, 13.8 and 15.4%, 13.8 and 7.8%, respectively. Supplemen-
ting weanling pig diets with organic acids can improve growth rate, however
experiments aimed at addressing the question of variable performance responses
have yet to be done. Organic acid supplementation may also decrease the
incidence of diarrhea (e.g. Kirchgessner and Roth, 1987a, 1990). Decreases of up
to 72% were reported, however the data were not analyzed statistically and no
estimate of variation was given. Much more work is needed with respect to
diarrhea before a definitive statement can be made concerning the health benefits
of organic acid supplementation.
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TABLE 1
The effect of organic acid supplementation on weanling pig performance
Acid Yo' DT> BW!® LP* ADG* %A’ GJF® %A Reft
Citric 0.5 CSM 6.9 28 355 -43  0.70% +4.5 B
1.0 ” “ ” 362 -24  0.70* +4.5
2.0 365 -1.6  0.70* +4.5
1.0 CPX 8.7 23 423 +39  0.65* +5.2 D
2.0 ” ” ” 437 +74 069 +11.0
1.5 CSM 6.9 28 232 -8.1 0.49 -30 H
3.0 ” 7.1 " 304 -1.0 053 +53
Formic 035 CPX 9.1 35 349*  +269 0.50 +8.6 A
1.2 ” ” ” 312 +13.5 048 +4.3
0.6 CPX 6.1 41 463* +209 (.68 +4.6 C
1.2 » ” ” 468* +222  0.70* +7.7
1.8 " ” ” 401 +4.7  0.65 0
24 ” ” ” 325%  -15t 0.63 -31
025 CPX 6.8 21 367 +58 079 +2.6 G
1.2 » 6.8 ” 395*  +13.8  0.81* +5.2
Fumaric 1.0 CPX 8.7 28 43] +59  0.66* +59 D
2.0 " " " 426 +4.7  0.67* +8.1
1.0 CSM 86 28 261 o 0.54 +3.8 E
2.0 " " " 257 -1.5  0.57 +9.6
3.0 ” ” ” 296 +13.4* 060 +15.4
40 ” ” * 297 4138 (.60 +15.4
L.5 CSM 7.1 28 24 -04  0.55 -04 H
3.0 " 7.2 ” 216 -11.8  0.52 -59
Propionic 03°% CPX 9.1 35 246 -10.5 046 0 A
1.0 ” v i 313 +13.8 049 +6.5
2.0 CSM 7.5 28 241 -4.4  0.55¥% +78 E
1.0  CSM 56 43 388 =32 0.5 -1.8 F
20 ” " " 385 -4.0 0.56 -1.8
3.0 ” ” ” 395 -1.5 057 0

Tnclusion level of acid in the diet, %

Diet type: CSM-corn soybean meal: CPX-complex with many ingredients

3Iniiial body weight, kg

‘Length of experimental period, days
SAverage daily weight gain, g/d

Gain to feed ratio, g/g

"Percentage increase/decrease in ADG or G/F relative to control
'References: A — Bolduan et al., 1988; B — Broz and Schulze, 1987, C — Ecket et al., 1992;
D - Falkowski and Aherne, 1984; E — Giesting and Easter, 1985; F — Kirchgessner and Roth, 1982b;
G - Kirchgessner and Roth, 1987b; H — Radecki et al., 1988

®Linear effect of fumaric acid level, P < (.05

"Luprosil-NC , BASF Corporation, Chemicals Division, Parsippany, NJ,
*Significantly different, P <0.05 from control
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: TABLE 2
The effect of organic acid supplementation of diets for weanling pigs on the apparent ileal and faecal
digestibilities of dry matter, organic matter, crude protein and gross energy

Acid %! I/F*  DM/OM?® %AaA®  CPP %A® GE' %A® Ref
Citric 0.5 Facc 83.8* +1.1 518 +10 821* +14 B

1.0 ” 84.7* +2.2 824 +1.7 830 +25

2.0 ” 83.7* +1.0 802 -00 816 +0.7

1.0 Faec 80.2 -07 786 403 - - D

2.0 ” 80.9 +0.1 794 +1.3 - -
Formic 0.35 Ile 71.0 +0.8 80.2 0 - - A

0.35 Faec 90.1 -16 906 -23 - -

0.6 Faec §9.2 +0.9 83.4* +26 893 +10 C

1.2 ” 89.6 +14 89.1* +3.4 89.8 +1.6

1.8 * 89.7 +1.5 90.0* +44 90.3* 421

24 ” 89.7 +15 90.0* +44 90.6* +2.5

1.0 Ile 87.8* -34 778 -2 - - E

1.0 Faec 91.6* -29 869 -1.8 9.1 -30
Furamic 1.0 Faec 80.6 -02 789 4046 - - D

20 ” 80.9 +0.1 798 +1.8 - -

1.5 Ile 69.7 -24 799 -05 - - E

3.0 Ile 67.6 -53  762*% -514 - -

1.5 Faec 87.4 -0.1 890 -02 864 -0.2

3.0 Faec 87.1 -0.5 884 -09 837 -1.0

2.0 Ile 694 +0.9 705 +4.1 - - F

1.0 Faec 86.7% +1.3 873 +25 872 415

2.0 ” §7.3% +2.0 87.7* +29 871.7*  +2.1
Propionic® 0.3 Tie 75.5 ~12 768 -42 - - A

0.3 Faec 88.6 -33 %9 -19 - -

1.0 Faec 81.3 +0.1 832 +02 gl4 -0 H
2.0 Faec 82.2 +12 835 406 822 +0.9

'Inclusion level of acid in the diet, %

*Apparent ileal or faecal digestibility

*Dry matter or organic matter digestibility

Crude protein digestibility

’Gross energy digestibility

fPercentage increase/decrease in DM, OM, CP or GE digestibility relative to control
"References: A — Bolduan et al., 1988; B ~ Broz and Schulze, 1987; C — Eckel et al., 1992;
D - Falkowski and Aherne, 1984; E - Gabert, 1994; F — Giesting and Easter, 1991; G ~ Kirchgessner
and Roth, 1980; H — Kirchgessner and Roth, 1982b

SLuprosil-NC , BASF Corporation, Chemicals Division, Parsippany, NJ

*Significantly different (P <0.05) from control

{-) Not determined
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Nutrient and energy retention and digestibility

Citric acid

There is little information available in the literature concerning the effect of
CA supplementation on nutrient and energy retention and digestibility. Falkow-
ski and Aherne (1984) reported that supplementation with CA did not affect
the apparent faecal digestibilities of crude protein (CP) and dry matter {DM)
(Table 2). Broz and Schulze (1987) reported similar results. However, the
apparent faecal digestibilities of organic matter (OM} and gross energy (GE)
were increased by up to 2.2 and 2.5%, respectively. More information is needed
on the effect of CA supplementation. Sofar, no studies have investigated the
effect of CA supplementation on the apparent ileal digestibilities of nuirients. As
reviewed by Sauer and Ozimek (1986), the ileal rather than the faecal analysis
method should be used especially with respect to protein (amino acid)
digestibility.

Formic acid

In contrast to CA, the effect of FoA on nutrient and energy retention and
digestibility has been investigated by many workers. Bolduan et al. (1988)
reported no effect of FoA supplementation on N-retention and OM and CP
(both ileal and faecal) digestibilities (Table 2). However, Eckel et al. (1992)
reported that FoA supplementation increased the apparent faecal digestibilities
of CP and GE by up to 4.4 and 2.5%, respectively (Table 2). Similar results were
observed by Eidelsburger et al. (1992a). Formic acid supplementation in the
previously mentioned studies may have improved protein digestion by reducing
gastric pH, however the effects on other nutrients are difficult to explain and may
relate to an indirect effect of FoA via the microflora in the GIT. One study has
investigated the effects of FoA supplementation on apparent ileal digestiblities.
Gabert (1994) did not observe a positive effect of supplementing diets with 1%
FoA on the apparent ileal digestibilities of amino acids (AA), DM, OM, CP and
ash (Table 2). The lack of response may have been due to the highly digestible
nature of the diet. In this study, the buffering capacity of two of the diets was
increased by increasing the levels of CaCO, and CaHPO,. There was no effect of
increasing the buffering capacity on the apparent digestibilities of nutrients and
energy. The growth promoting effects of organic acids may be influenced by the
buffering capacity of the diet (Ravindran and Kornegay, 1993). The detrimental
" effects of feeding weanling pigs diets with high buffering capacity were discussed
by Manners {1970) and Ravindran and Kornegay (1993). However, more
investigation is needed to assess the importance of buffering capacity of the diet
specially with respect to gastric and pancreatic secretions.
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Fumaric acid

As for FoA, the effects of FA supplementation on nutrient and energy
retention and digestibility have been studied by several workers. Falkowski and
Aherne (1984) and Eidelsburger et al. (1992b) observed that the apparent faecal
digestibilities of CP and DM were not affected by FA supplementation (Table 2).
However, other studies have shown that FA supplementation increased the
apparent faecal digestibilities of OM, ether extract, crude fibre, CP, and N-free
extract (Kirchgessner and Roth, 1980; Kirchgessner et al., 1982; Pallauf et al.,
1987). Radecki et al. (1988) reported that supplementation of FA did not affect
digestible energy, metabolizable energy (ME), N corrected ME, N balance,
percent N retained, apparent faecal N digestibility, Ca’* balance, percent Ca’*
retained and P balance and retention. However, Kirchgessner and Roth (1980)
reported that FA supplementation increased the apparent faecal digestibilities of
Ca’* and P as well as Ca’* and P retention. A definitive statement on the effect of
FA supplementation cannot yet be made until reasons for variable responses in
digestibility and nutrient retention are investigated. However, Giesting and
Easter (1991) and Gabert (1994) reported that supplementation with FA did not
affect the apparent ileal digestibilities of DM, N and AA (Table 2). This is strong
evidence that FA supplementation does not increase protein digestion as
determined with the ileal analysis method.

Propionic acid

As for CA, there is little information on the effect of PA supplementation on
nutrient and energy retention and digestibility. Kirchgessner and Roth (1982b)
reported that supplementation with PA had no effect on the apparent faecal
digestibilities of DM, N or GE (Table 2). Bolduan et al. (1988) did not observe an
effect of PA supplementation on the apparent ileal and faecal digestibilities of
OM and CP (Table 2). Mosenthin et al. (1992) found similar results in growing
pigs; 2% PA supplementation did not affect the apparent ileal digestibilities of
DM, OM, CP or ash. However, supplementation increased the apparent ileal
digestibilities of some of the AA. As for CA and FA a definitive statement on the
effect of PA supplementation cannot be made.

Compounds in the GIT and microflora

Clitric acid

There is limited information in the literature on the effect of CA supplemen-
tation on compounds in the GIT and microflora. Risley et al. (1991) reported
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that CA supplementation had no effect on pH of the GIT contents, CI, volatile
fatty acid (VFA), and non-VFA concentrations in the GIT. Similar results were
reported by Risley et al. (1992). in addition, CA supplementation did not affect
the number of total anaerobes, Lactobacillus, Clostridia, or Escherichia coliin the
GIT. It appears, from these limited data, that CA supplementation has no effect
on the microflora in the GIT.

Formic acid

In contrast to CA, FoA supplementation decreased the pH of stomach
contents (3.8 vs 4.0) (Bolduan et al.,, 1988). This is the only study that has
demonstrated a decrease in pH in the stomach. However the method of pH
measurement is critical and simply mixing the gastric contents and taking
a sample of gastric digesta will only give an average value (F.X. Roth, personal
communication). An alternative method would be to slaughter the animals,
freeze the stomach in liquid N,, remove core samples from several areas and
measure the pH once the samples have thawed (F.X. Roth, personal com-
munication). In addition, Bolduan et al. (1988) reported that no E. coli were
detected in the stomach of pigs fed diets supplemented with FoA and histological
examinations of the stomach did not reveal any ulceration (Bolduan et al., 1988),
The level of lactic acid in the stomach was decreased by FoA supplementation.
However, there was no etfect of FoA supplementation on total VFA or ammonia
concentrations in the stomach or on lactic acid or ammonia concentrations or
pH in the small intestine (Bolduan et al., 1988). Therefore, it appears that the
secretion of HCO, - from the pancreas overcame the additional acid load from
the diet. Roth et al. (1992} and Gabert (1994) reported that supplementation of
diets with FoA did not affect the VFA concentrations in the stomach or small
intestine and the composition of the microflora in the ileum, caecum and colon.
However, supplementation with FoA decreased the number of bacteria in the
duodenum and jejunum. There is some evidence in the literature that FoA
supplementation decreases microbial growth in the stomach and small intestine
and this may be beneficial to the weanling pig.

Fumaric acid

Risley et al. (1991) reported that FA supplementation increased the
concentration of fumarate in the stomach (444.2 vs 2.5 meq/dL) and jejunum
(93.6 vs 0.0 meg/dL.). However, supplementation with FA had no effect on the
pH of the GIT contents, CI, VFA and non-VFA concentrations. The additional
fumarate may have been absorbed or metabolized by microbes in the ileum,
caecum and large intestine, Similar results were observed by Risley et al. (1992)
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and Gabert (1994). In addition, there was no effect of FA supplementation on the
number of total anaerobes, Lactobacilius, Clostridia, or E. cofi in the GIT.
However, Sutton et al. (1991) reported that supplementation with FA decreased
the number of E. coli in the stomach (3.87 vs 4.46 log ,/gram) and increased
acetate (68.3 vs 52.3 mM), propionate (60.9 vs 36.3 mM) and total VFA (166.3 vs
123.6 mM ) concentrations in the caecum. Gedek et al. (1992) observed a decrease
in the numbers of several groups of enteric bacteria in the duodenum, jejunum
and ileum when diets were supplemented with FA. As for FoA, there is some
evidence in the literature that FA supplementation decreases bacterial growth in
the GIT and this may be beneficial to the weanling pig.

Propionic acid

Propionic acid supplementation may also have inconstant effects on the
microflora of the GIT. Bolduan et al. (1988) did not detect any E. coli in the
stomach of mgs fed diets supplemented with 1% PA. However, Sutton et al.
(1991) did not observe an effect of supplementation with PA on Lactobacillus or
E. coli in the GIT or VFA concentrations in the stomach, duodenum and
caecum. However, supplementation with PA decreased the acetate and total
VFA concentrations in the colon. Similar results were found by Mathew et al.
{1991). However, pigs fed diets supplemented with PA had a higher number of
Lactobacillus in the stomach and duodenum. The beneficial effects of Lactobacil-
fus include protection against pathogen colonization (Muralidhara et al., 1977)
and decreased incidence of diarrhea (Luckey, 1984). Mosenthin et al. (1992)
reported that supplementation with PA decreased the concentration of cadaven-
ne in caecal digesta of growing pigs. However, this may not be of importance.
Porter and Kenworthy (1969) concluded that the overall production of diamines,
primarily cadaverine and putrescine, is not an indication of predisposition to
diarrhea. They reported that the microflora of normal and scouring animals may
produce similar levels of cadaverine and putrescine.

Metabolic effects
Acetic acid

One of the metabolic effects of organic acid supplementation of weanling pig
diets may be an N (AA)-sparing effect. Imoto and Namioka (1983) fed acetate to
growing pigs, in the form of triacetin, at a rate of 5 and 10% of ME intake.
Weight gain and N-retentton showed a linear relationship with increasing levels
of acetate. The effect on weight gain was 0.09 g of gain/g of acetate and the
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average N-sparing effect was 32.9 mg N/g of acetate. A linear increase in RNA,
protein content and organ weight was observed in the liver, heart and femoral
muscle. However, the total DNA content did noi change in these tissues,
indicating that acetate had no effect on the number of nuclei in the cells.
However, under practical conditions supplementation of diets with acetic acid
has not resulted in increased ADG or G/F (Zhang et al., 1986; Roth and

Kirchgessner, 1988). An N-sparing effect has not been demonstrated with other
organic acids.

Citric acid

The absorption of citrate has been studied,; citrate and fumarate uptake from
the intestinal lumen has been investigated using brush border membrane vesicles
(BBMV) prepared from the proximal jejunum of calves (Wolffram et al., 1990)
and pigs (Wolffram et al., 1992). The uptake of citrate and fumarate by BBMV
occurs by a common Na*-gradient dependent mechanism that appears to be
specific for tri- and dicarboxylates (Wolffram et al., 1990, 1992). However,
citrate supplementation does not affect plasma chemical parameters, for
example the concentrations of plasma inorganic P, Fe**, glucose, urea, total
lipid, blood haemoglobin as well as Fe-binding capacity and transferrin
saturation (Falkowski and Aherne, 1984; Grassman and Klasna, 1986; Broz and
Schulze, 1987).

The effects of supplementation of diets with CA on intermediary metabolism
in the rat liver have been investigated by Grassman and Kirchgessner (1979) and
Grassman and Klasna (1986). There was no effect of CA supplementation on the
activities of enzymes in the citric acid cycle. However, succinate dehydrogenase
activity was increased in one study and decreased in another. Grassman and
Kirchgessner (1979} reported that CA supplementation did not affect the
activities of liver transaminases. However, Grassman and Klasna (1986)
reported that CA supplementation increased liver glutamate dehydrogenase,
glutamate oxaloacetate transaminase and glutamate pyruvate transaminase
activities. An increase in transaminase activities may indicate that the carbon
skeleton of citrate is being used to synthesize nonessential AA.

Formic acid

The metabolic effects of supplementing diets with FoA have been investigated
by Grassmann et al. (1992). Formic acid supplementation increased the
concentration FoA and urea in serum and increased the activities of
a-ketoghutarate dehydrogenase and glutamate pyruvate transaminase. The
authors hypothesized that the increased urea concentration and increased
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enzyme activities were due to acidosis when diets were supplemented with 1.8 and
2.4% FoA. This is the only study that has investigated the metabolic effect of
FoA supplementation.

Fumaric acid

Similarly to CA, supplementation with FA does not affect plasma chemical
parameters. In a study with rats, Grassman and Klasna (1986) found that FA
supplementation did not affect blood glucose, total lipid or urea concentrations.
Eidelsburger et al. (1992¢) reported no effect of FA supplementation on
acid-base status. Falkowski and Aherne (1984) reported no effect of FA
supplementation on plasma urea conceniration. As previously discussed,
fumarate is also actively absorbed from the jejunum.

The effects of supplementation of diets with FA on intermediary metabolism
in the rat liver have been investigated by Tschiershwitz et al. (1982) and
Grassman and Klasna (1986). There was no effect of FA supplementation on the
activities of enzymes in the citric acid cycle. However, Tschiershwitz et al. (1982)
reported that FA supplementation increased succinate dehydrogenase activity.
Grassman and Klasna (1986) reported that fumarase activity in the cytosolic
fraction was increased by FA supplementation. Fumaric acid supplementation
increased liver transaminase (glutamate dehydrogenase, glutamate oxaloacetate
transaminase and glutamate pyruvate transaminase) activities. As discussed
under CA, this may indicate increased synthesis of nonessential AA.

Propionic acid

The metabolic effects of supplementing diets for weanling pigs with PA have
not been investigated. However, similar effects as reported for CA and FA would
be expected since PA is also metabolized via the citric acid cycle once it has been
converted to succinyl-CoA (Voet and Voet, 1990). Propionate is likely absorbed
from the intestine via passive diffusion (Bugaut, 1987).

DISCUSSION

The growth response of weanling pigs to organic acid supplementation
depends on the type of diet (corn-soya bean meal vs corn-soya bean meal and
whey, Burnell et al., 1988), level of acid (Giesting and Easter, 1985), type of acid
(Edmonds et al., 1985; Radecki et al., 1988} and duration of feeding period
(Kirchgessner and Roth, 1987b, 1990). Supplementation of weanling pig diets
with organic acids has not consistently led to improved nutrient and energy
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retention and digestibility (Table 2). One consideration is the supply of digestible
or available nutrients and energy from the diet. If it is adequate for the genetic
potential of the animal, a response may not be observed. Another consideration
is the time of sample collection relative to weaning. The growth promoting effects
of organic acids are usually most predominant within two weeks of weaning (e.g.
Radecki et al., 1988; Giesting et al., 1991). When there are positive effects, they
are quite wide ranging and do not primarily concern protein. This may indicate,
especially with respect to energy and fibre, that there is an indirect effect of acid
supplementation via and effect on the microfiora in the GIT. Also there is some
evidence for a positive effect on mineral absorption likely via chelation.

The effects of organic acid supplementation on compounds in the GIT and
microflora are inconsistent, One consideration is that samples for bacteriology
are often taken at the conclusion of a growth trial (e.g. Sutton et al., 1991). By this
time the digestive system of the weanling piglet may be fully developed. Another
consideration is the importance of bacteria attached to the mucosa of the
stomach and small intestine, as reviewed by Savage (1977) and Conway (1989).
Unless isolations of bacteria from the mucosa are done, attached bacteria cannot
be enumerated by simply taking a digesta sample. The time of digesta sampling
relative to feeding and the disease status of the animals in the study must be taken
into consideration.

The metabolic effects of supplementing diets with citric and fumaric acid have
been the most extensively investigated. However, most studies have been done
with rats. The relationship between protein metabolism and supplementation
with organic acids has only been investigated with acetate by Imoto and
Namioka (1983). Transport studies have been performed in vitro (Wolffram et
al., 1990, 1992). These investigations have implications for the ¢lucidation of the
modes of action of citric and fumaric acid. The contribution of citric and fumaric
acid to the formation of ATP and possibly a subsequent N-sparing effect on
glucogenic AA, such as glutamine, could facilitate the rapid developmental
changes that are taking place in the digestive tract. However in vivo studies have
yet to be conducted to quantify the importance of citrate, fumarate and
propionate absorption.

CONCLUSIONS

The supplementation of diets for weanling pigs with organic acids may
improve growth performance. This may be due to increased nutrient and energy
retention and digestibility, alteration of bacteria in the GIT, bacterial metaboli-
tes and other compounds in the digestive tract or an effect on metabolism.
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Future research on the effect of supplementing diets for weanling pigs with
organic acids is needed to improve understanding on their mode of action. More
research is needed on the absorption and transport of organic acids in the
intestine and their effect on microbial metabolism as well as secretions into the
gastrointestinal tract. Further investigation on the effect of supplementation of
organic acids on the pH in the stomach needs to be carried out. In the
aforementioned studies, the lack of a response to organic acid supplementation
may have been due to the fact that the response may be different under
commercial conditions, i.e. a piggery, than under more sanitary or isolated
conditions as is usually the case in a metabolic trial. Future research is needed to
evaluate the effect of supplementation with organic acids on nutrient digestibility
when weanling pigs are fed diets which have a relatively low essential AA or
mineral content. In these situations, organic acid supplementation may be very
effective.
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STRESZCZENIE '

Efekty uzupelniania dawek pokarmowych dla odsadzonych prosigt kwasami organicznymi — przeglad
literatury

Stwierdzono, ze uzupelnienie dawek pokarmowych dla odsadzonych prosiat kwasami organicz-
nymi (np. cytrynowym, mrowkowym 1 propionowym) wplywa w wiclu przypadkach na zwigkszenie
srednich dziennych przyrostow (ADG, od 4 do 27%) oraz na wykorzystanic paszy na przyrost (G/F,
od 3 do 15%), a takZe na zmnigjszenie przypadkow wystgpowania biegunek. Dodatek kwasow
organicznych jednakze nie zawsze poprawia ADG 1 G/F. W przegladzie szeroko dyskutuje sic
potencjalne przyczyny uzyskania rozbieinych wymkéw, Wplyw kwasow organicznych na zwick-
szenie przyrostow moze by¢ przypisany zwigkszonej retencyi sktadnikow pokarmowych 1 energii oraz
strawnoscl (do 4%), zmianom populacii bakteryjnej i metabolitow w przewodzie pokarmowym
oraz/lub wplywowi na przemiany skladnikow pokarmowych. Istnieje potrzeba dalszych badan nad
fizjologicznymi, mikrobiologicznymi 1 biochemicznymi mechanizmami dziatania kwasow organicz-
nych dodawanych do dawek dla odsadzonych prosiat.





