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ABSTRACT

Two studies were conducted using piglets fitted with a simple T-cannula at the distal ilewmn to
determine the effect of fumaric acid supplementation and different buffering capacities on ileal
digestibilities and on the level of microbial metabolites in ileal digesta. Supplementation of fumaric
acid to a diet with a low buffering capacity (Experiment 1} improved the ileal digestibilities of
energy, crude protein and most of the amino acids (P<{1.05). The decrease in microbial metabolites
with increasing level of fumaric acid supplementation indicates a lower microbial activity in the
upper digestive tract. Supplementation of fumaric acid to a diet with a high buffering capacity (Ex-
periment 2) showed a trend (P>0.03) towards an increase in ifeal nutrient digestibilities. Digestibi-
lity values in experiment 2 were 2-10 percentage units lower compared to the corresponding digesti-
bility values in Experiment 1.
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INTRODUCTION

Acidification of diets with fumaric acid has been shown to improve the per-
formance of early-weaned piglets (Kirchgessner and Roth, 1976; Gicsting and
Easter, 1985). Possible mechamsms for the growth-promaoting effects include im-
provement in the digestibilities of nutrients and energy and gastro-intestinal ef-
fects, including anti-microbial effects in which potentially detrimental bacteria are
inhibited as a result of a reduction in the gastric pH (Kirchgessner und Roth, 1988).
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However, the inability to scerete sufficient hydrochloric acid to maintain a low pH
in the stomach seems to play a major role in the mode of action of fumaric¢ acid.
Jung and Bolduan (1986) showed that a high buffering capacity of the dict has an
additional detrimental effect as it raises the levei of microbial activity in the upper
digestive tract. The objcctive of the present study was to determine the effect of
fumaric acid supplementation and different buffering capacities of the diet on ileal
digestibility and on the content of microbial metabolites in ileal digesta.

MATERIAL AND METHODS

Twelve piglets, weancd at 14 days of age, were used n cach experiment. The
piglets were housed individually in metabolic crates in a temperature-controlled
barn (30°C). The piglets were fitted at 15-17 days of age with a simple T-cannula
in the distal ileum according to procedures described by L1 ct al. (1994). Between
14 and 20 days old the piglets were fed a non-medicated milk replacer. The piglets
had no access to creep feed. Water was freely available from a low-pressure drin-
king nipple.

From 21 days old the piglets were fcd the experimental dicts according to a
balanced two-period change-over design (Gill and Magee, 1976). Treatments in
Experiment 1 consisted of a wheat-soyabean meal diet (20% crude protein} with a
low buffering capacity, without (control) or suppiemented with 1, 2 and 3% fu-

TABLE 1
Formulation, pH and buffering capacity of the experimental diets
Diets
Experiment | Experiment 2

Ingredicnts, g/kg diet low buffering capacity high buffering capacity
Wheat 494 494 494 494 494 494 494 494
Soyabean meal 293 293 293 293 293 293 293 293
Sucrose 100 90 80 70 70 60 50 40
Canola oil 50 50 50 50 50 50 50 50
Vit./Min.-Premix 40 40 40 40 40 40 40 40
Biophos 17 17 17 17 17 17 |7 17
Lysine-HC] 3 3 3 3 3 3 3 3
Chromic oxide 3 3 3 3 3 3 3 3
Fumaric acid 0 10 20 30 0 10 20 30
Sodium bicarbonate 0 0 0 0 30 30 30 30
Diet pH 52 47 43 4.0 7.4 6.3 53 47
Buftering capacity’' 235 210 9.6 0 56.7 400 30,7 236

" amount (ml) ef 0,1 N hydrochloric acid to lower the diet pH to 4.0

1
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maric acid respectively. In Experiment 2, the piglets received the same diets but
supplemented with 3% sodium bicarbonate to increase the buffering capacity of
cach diet. The formulation of the experimental diets is shown in Table |, The diets
were formulated to mect or to exceed NRC requirements (1988). The piglets were
fed three times daily at a rate of 3% (wt/wt) of body weight. Each experimental
period consisted of a 6-d adaptation period followed by collection of facces (d 7-9)
and ileal digesta (d 10-13).

The samples were freeze-dried, ground and mixed prior to analysis. Analyses
for dry mattcr were conducted according to AOAC (1990). The buffering capacity
of the diets was measured according to Bolduan et al. (1988). Crude protein con-
tent was analyzed using a Leco Nitrogen-Analyzer and the energy content was
determined with the aid of an Adiabatic Bomb Calorimeter. Chromic oxide levels
in feed, digesta and facces were determined according to Fenton and Fenton (1979).
Amino acid analyses were performed following acid hydrolysis in 6N HCI for 24 h
according to Jones and Gilligan (1983). The pH, as well as ammonia and lactate
contents were measured in fresh digesta. Ammonia was determined with the aid of
a gas sensitive electrode. D- and 1-lactic acid were determined photometrically
using a test kit (Boehringer Mannheim No. 1112821).

The results were subjected to analysis of variance using the GLM procedures
of SAS (1988). Least square means of treatments and periods were compared
using Fisher’s least significant difference procedure.

RESULTS AND DISCUSSION

The apparent ilcal digestibilities of dry matter, organic matter, crude protein,
energy and amino acids in Experiments | and 2 are presented in Table 2. Supple-
mentation of fumaric acid to a diet with a low butfering capacity had no effect
(P>0.05) on the ilcal digestibilitics of dry matter and organic matter. There were
increases (P<0.03) in the ileal digestibilities of energy, crude protein and most of
the amino acids. The highest increase, compared to the control group, was found
at an inclusion levei of 2% fumaric acid in the diet. Supplementation of fumaric
acid to a diet with a high buffering capacity showed no effect (P<0.05) on the ileal
digestibilities of dry matter, organic matter, crude protein, gross energy and amino
acids. However, there was a trend towards an increase in ileal digestibilities when
the level of fumaric acid in the diet was increased. No differences (P>0.05) could
be found in the faecal digestibilities of any parameters measured in either experi-
ment (data not shown). The ileal digestibilities in Experiment 2 were 2-10 percenta-
ge units lower than in Experiment 1. The pH, dry matter, d- and l-lactic acid and
ammonia contents in ilcal digesta of Experiment | are shown in Table 3. No treat-
ment cffects (P>0.05) could be found for dry matter content or pH of digesta. The
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TABLE 2
Ileal digestibilities of dry matter, organic matter, gross energy, crude protein and amino acids
Diets
Experiment 1 Experiment 2
low buffering capacity high buffering capacity
Fumaric acid, % 0 1 2 3 SEM! 0 1 2.3, SEM!
Dry matter 665 " “68.5"69.1" 685 0.9 6215 66,8 “67.1 “65.1" 3.5
Organic matter 70.2 T2 6T 0.8 665 702 706 67.7 3.1
Gross energy TLRELGIRGY TS T e 0T 64.4 69.7 70.7 68.0 3.6
Crude protein T3.6%:: TaA® 809~ JTT.8% . 13 71.0 745 762 76.6 3.5
Amino acids:
Essential

arginine S G [ e i 81.8 81.8 B4.8 836 2.6

histidine o bl Lot ol el e R L 788 '83.2 829 1820727

isoleucine 787 BYgb- 854 "83.8*P 0.8 76.9 794 80.3 80.3 2.8

leucine 78.9> - 8L.2% 857 B4 0.9 76.7 78.7 802 79.8 2.8

lysine 83.4> 843" 89.00 86.7" 14 742 725 80.1 82.0 6.0

phenylalanine  80.1" 82.5* 86.2* 854* 0.8 79.0 80.6 82.0 8l1.6 2.5

threonine 68.8Y 4. T71r Bl 1.0 64.1 69.6 72.3 74.0 3.9

valine 7Ll L a1 L W ) SIS TS 73R 28

Non-essential

alanine 67.1° - 74.9°399.0% 7,99 ¢ 1.3 6812.70:1°73.9°:73.1 239

aspartic acid T4.6° TT.3* 822 794® 1.1 69.1 744 746 734 4.0

glutamic acid 86.2> 87.6* 91.1* 887" 0.8 79.1 84.4 852 837 33

glycine 656 694 742 712 2.8 58.2 64.6 70.2 669 5.8

serine 75.22 779% 826 809° 1.0 M3 6.7 190 7T 3]

tyrosine 834® 812° 856" 83.3%® 1.0 T3 13 827 831 28

! SEM: standard error of the mean (n=6)
a, b, ¢ — means in the same row with different superscripts within each experiment differ (P<0.05)

TABLE 3
The pH, dry matter, and contents (mmol/100g DM) of ammonia, d- and |-lactic acid in ileal digesta

Experiment 1

low buffering capacity

Fumaric acid, % 0 1 2 3 SEM!
pH i 7.2 12 o 0.1
Dry matter 7.6 83 8.5 8.2 0.3
Ammonia 13.8° 13:1k 9.5  § e 0.7
Lactic acid:
d-lactic acid 15.4* 3.8° 0.9° 3.4° 3.1
I-lactic acid 30.8° 14.8° 4,70 11.7° 3.5

! SEM: standard error of the mean (n=6)
a, b — means in the same row with different superscripts differ (P < 0.05)
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contents of d- and 1-lactic acid and ammonia in ileal digesta decreased (P<0.05)
with increasing levels of fumaric acid supplementation to the diets.

These data support earlier results by Kirchgessner and Roth (1991) who repor-
ted that acidification of diets for weanling piglets improves protein and energy
digestibilities due to a reduction in the gastric pH and a lower microbial activity in
the upper part of the digestive tract.
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