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In search for an alternative for nutritional antimicrobials in piglet feeding, the effects of adding whole Cuphiea
seeds, as a natural source of medium chain fatty acids {MCFA), with known antimicrobial effects, and an
exogenous lipase to & weaner diet were studied. The foregut flora, the gut morphology, some digestive
parameters and the zootechnical performance of weaned piglets were investigated. Thirty newly weaned
piglets, initial weight 7.0 £+ 0.4 kg, were divided according to litter, sex and welght in two groups {control diet;
Cuphea -+ lipase d}et) The G uphea seeds (lanceolara and fgnea) (50 g kg 1) were substituted for soybean oﬁ
(15 g kg™"), Alphacell (25 g kg™ !y and soy protein isolate (10 g kg™ '} in the control diet. Also 500 mg kg™’
microbial lipase was added to the Cuphea diet. The piglets were weighted individually on days 0, 3, 7, 14 and
16. Feed intake was recorded per pen during days G to 3. 310 7, 7 to 14 and 14 to 18. On day 7 five piglets of
each experimental group were euthanized for counting the gastric and small intestinal gut flora and for gut
morphology at two sites of the small intestine (proximal, distal), The results indicate a trend towards improved
performances parameters by feeding Cuphea + lipase. The enzymic released MCFA (1.7 g kg™ fresh gastric
contents) tended to decrease the number of Coliforms in the proximal small intestine, but increased the
number in the stomach and distal small intestine. With Cuphea, the number of Streprococci was significantly
lower in small intestine, but not in the stomach, while the nurnber of Lacrobacilli was significantly lower in the
distal small intestine and tended to be lower in the stomach and proximal small intestine. No differences
between the diets were noted for the total anaerobic microbial load in the stomach or in the gut Feeding
Cuphea + lipase resulted in a significantly greater villus height (distal small intestine) and a lesser crypt depth
{proximal and distal small intestine) and greater villus/crypt ratio depth (proximal and distal small intestine).
The intra-epithelial lymphocyte (1EL) counts per 10G enterccytes were significantly decreased in the proximal
small intestine and tended to decrease in the distal small intestine by feeding the Cuphea + lipase diet. Both
phenomena are indicative for a more healthy and better functional state of the mucosa. Present results are in
line with foregoing research, showing that manipulation of the gut ecosystem by the enzymic in situ released
MCFA in the stomach and foregut can result in improved performances of the piglets, which makes the
concept a potential alternative for in-feed nutritional antibiotics.
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1. INTRODUCTION

Due to concerns about the problem of selection of antibiotic-resistent micro-organisms
and drug residues, the use of most antibiotics, as growth promotors, was banned in the
EU. A number of alternative additives has been proposed: enzymes, probiotics,
oligosaccharides (prebiotics), Zn, dietary acidifiers (for review see: Piva, 1998; Roth and
Kirchgessner, 1998; Thomke and Elwinger, 1998; Partanen and Mroz, 1999; Verstegen
and Schaafsma, 1999). The most promising alternatives in pig rearing for the moment
seem to be short-chain organic acids (Partanen and Mroz, 1999). However, the
rootechnical improvements with organic acids are not always consistent.

The antimicrobial properties of various free {atty acids, especially medium chain fatty
acids (MCFA: C4:0 to C12:0) and their fatty acid glycerol esters have been known for
many years (Kabara et al., 1972, 1977; Kabara, 1984; Meeus, 1994; Decuypere and
Meeus, 1995). Moreover medium chain triacylglycerois (MCTAG) have nutritional,
physiological and metabolic properties in mammals unique from those of long chain
triacylglycerols (LCTAG) (Timmermann, 1993; Velasquez er al., 1996; Odle, 1998;
Willis and Marangoni, 1999; Traul et al., 2000).

Earlier rescarch at our department revealed that the in siru enzymic release of MCFA
from commercial MCTAG sources in the stomach and fore-gut of piglets, result in
persistent and significant effects on the gut luminal flora combined with improved
performances, making this strategy a valuable alternative for in feed nutritional
antibiotics. A patent has been applied for by the authors and funding partners for the
protection of this concept (Decuypere and Dierick, 2000).

Present use of MCTAG is severely restricted however by the cost of synthesizing them from
C8:0and C10: 0 fractions of coconut and palm kernel oil. In search of natural, unrefined and
cheaper MCTAG oils, it was found that Cuphea has potential as a very rich source of MCFA
(Litchfield et al., 1967). Cuphea is a genus of low-growing annual plants, originating from
central regions of America belonging to the Lythraceae family, which is known as a rich
source of medium chain fatty acids (Knapp, 1993). However, the plant is not commercially
utilized in large-scale agriculture due to its Jow frost-tolerance, sequential maturation and the
release of seeds from the seed pods, which precludes temperate cultivation and mechanized
harvesting. Nevertheless, interest in Cuphea hybrids is very great as a third crop in the corn/
soybean rotation in the USA. Recently a shatter-resistent transgenic Cuphea was created
with the potential for practical and economical exploitation. First successes have also been
made transferring genes that regulate the fatty acid synthesis in Cuphea to rapeseed plants
(Dehesh er al., 1996; Voelker et al., 1997a,b; Zarhloul et al., 2000).

In present work, the effects of adding whole Cuphea seeds and an exogenous lipase to
a weaner diet on the foregut flora, the gut morphology and histology, some digestive
parameters and on the zootechnical performance of weaned piglets are investigated.

The available Cuphea cuitivars, Cuphea lanceolara and Cuphea ignea ( polycentra) are
species from central USA, containing 25-30% oil in the seed. Over 80% of the fatty
acids in the oil is capric acid (C10:0).

2. MATERIALS AND METHODS

In order to test possible negative effccts (e.g. feed refusals, presence of anti-nutritional
factors (ANF)), of feeding whole Cuphea seeds to weaned piglets, a preliminary feeding
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test was carried out. Five newly weaned piglets (mean live weigh 7.6 + 0.9 kg) were fed
a weaner diet supplemented with 50 g kg~ ' Cuphea seeds for | week. Animal
behaviour, feed intake and health status were followed.

For the actual experiment, 30 newly weaned piglets (3 weeks of age, Seghers
Hybrid Fl1, Belgium), inittal weight 7.0 + 0.4 kg, were divided according to litter,
sex and weight in two groups (control diet; Cuphea + lipase diet) of 15 piglets (five
per pen). The experiment was carried out in commercial settings in temperature
controlled facilities. For the formulation of the diets, two batches of Cuphea seeds
were avallable and were thoroughly mixed (3 kg, Cuphea lanceolata, Oregon State
University, USA; 350 g Cuphea ignea, Aveve N.V., Merksem, Belgium). The used
Cuphea seeds, the ingredients and calculated composition of the two diets are
presented in Tables I and II, respectively. The Cuphea seeds (30 g kg™ ') were
substituted for soybean oil (15 g kg™'), Alphacell (25 g kg~ ', ICN Biomedicals,
USA) and soy protein isolate (10 g kg ', Ralston Purina, Brussels, Belgium) in
order to mimic the composition of the control diet, based on the analysis of the
seeds. The weaner feeds were formulated to contain 11 g kg™! apparent ileal
digestible lysine, 6.9 g kg™' apparent ileal digestible methionine + cystine, 6.3 g
kg™ apparent ileal digestible threonine, 2.1 g kg~ apparent ileal digestible
tryptophane and a net energy content (NE) of 9.8 mJ kg~! according to Dutch
Feeding Standards (CVB, 1998). For the determination of digestibilities, Celite 545
(Fluka, Switzerland) was added to the diets as inert marker. Before inclusion in the
diet, the seed mix was mixed with ground barley (50/50, w/w) and carefully milled
in a Brabender mill (sieve: | mm; Duisburg, Germany) to avoid any evaporation or
loss of the oil, which has a very low boiling point. Lipase L5 (500 mg/ke)
fmicrobial source, 6563 U/g, Kemin Furopa N.V., Belgium) was added to the
Cuphea diet. Lipolytic activity is expressed as the amount of enzyme (1 U)
producing 1 pmol free acid per minute and per gram from tricaprylin at pH 5.5 and
40°C. There was no third treatment either without lipase but supplemented with
Cuphea or a control diet with only lipase supplemented as preliminary research
revealed that MCFA from native fat in Cuphea seeds could not be liberated by pig
endogenous gastric lipase alone, without extra added lipases, and that long fatty
acids, possibly liberated in the stomach by pig gastric lipase from normal fat
sources {e.g. soy 0il} do not have any antimicrobial effect.

TABLE T Proximate analysis of the seeds of the Cupheq cultivars

Culrivar Cuphea lanceolata Cuphea ignea (platycentra)
Origin Oregon State Universiry, US4 Aveve N.V., Merksem, Belgimm
DM [gke ™1 937.0 954.0
Crude protein [gke — 1) i87.0 146.0
TDF [gkg Y 4290 471.0
Crude fat [gkg '] 267.4 362.0
Fatty acids [as % of total fatty acids]
Ce:0 0.0 0.0
CB:0 0.5 3.0
Ci0:0 75.7 869

"Tom! dietary fibre.
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TABLE 11 Ingredients and chemical composition of the diets (as fed basis)

Ingredients Control dief Cuphea + lipase diet

Basal diet fgkg ~ ']’

Barley 350.0 3500
Wheat 150.0 1309
Corn, pressure cooked 150.0 1530.0
Wheat feedflour 62.7 62.7
Soybean meal 80.0 80.0
Soya Danex” 750 75.0
Whey permeate 35.0 330
Herring meal 36.0 30.0
Fat 3.0 3.0
Methionine 2.0 2.0
Lysine-HCl 4.5 4.5
Threonine 2.0 2.0
Tryptophane 0.5 0.5
Salt 4.0 4.0
Vitamin E (30%} 0.1 0.1
Choline (60%) 0.4 .4
Copper sulphate (25%) 0.6 0.6
Vitamin-mineral premix 22 22
Monocalcium phosphate 8.0 8.0
Supplements fgkg ~ ! basal diet]
Cupheu seeds’ 0.0 56.0
Soybean oil 150 0.0
Aiphacell* 25.0 0.0
Soybean isolate® 10.0 0.0
Lipase L5 0.6 0.3
Celite’ 10,6 10.0
Dicalcium phosphate 5.0 3.0
Limestone 5.6 5.0
Chermical composition of the compleie diet [g kg™ 4
DM 889.8 887.4
Crude protein 150.1 1511
Crude ash 65.8 62.3
TDF® 163.6 151.9
Crude fat 66.0 64.4
Total fatty acids 57.3 52.7
Ce:0 0.0 0.0
CE:0 0.1 0.2
C10:0 0.2 7.9
Ciz 0.8 1.1
[4N HCY inscluble ash 1.5 12.0

'DSP diet; Vitamex N, V. {Belgium)

2Expzmded full fat soybeans; Danis, N.V. (Belgium)

*Mixture of 3 kg of Cupliea lanceolota and 350 g of Cuphea ignea whole seeds
YICN {USA}

*Purina Protein (Belginm}

¥ emin Europa N.V. {Belgium)

"Celite 545, Fiuka (Switzerland)

¥Total dictary fibre.

The feed was offered dry, ad fibitum, while water was continuously available via
nipples. The experiment lasted only 16 days, as the availability of Cuphea seeds was
strictly limited. The piglets were weighted individually, at weaning and on days 3, 7, 14
and 16. Feed intake was recorded per pen during the following periods: days 63, 37,
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7-14 and 14-16. The visual ‘facces + health’ conditions of the piglets was checked
daify and coded per pen on a scale ranging from 0 (extremely bad condition, long skin
hair, diarrhoea and mortality) to 10 {(normal faeces, normal skin hair, excellent
condition).

On day 7, five piglets taken at random from each experimental group, without fasting,
were euthanized. The experimental protocols used were approved by the Ghent
University Animal Ethics Committee.

The gastro-intestinal tract (GIT) was immediately removed and dissected:;
samples of the contents were taken from the stomach, the upper small intestine
{first 3m) and the lower small intestine (last 3 m), for bacteriological and
chemical analyses. Gut tissue samples for histomorphometry were taken from two
sites of the small intestine: 3 m distal from the pylorus and 3 m proximal of the
caecum. The samples for light microscopy were fixed in a phosphate-buffered
10% formalin solution, dehydrated in 70% alcohel, embedded in paraffin,
sectioned (5 p) and stained with haematoxylin and eosin (HE), using standard
procedures (Kik, 1991). No more than 5 min clapsed between the dissection of
the intestine and the fixation of the samples in the formalin solution.
Measurements of villus height and crypt depth were conducted with a light
microscope {Nikon, Eclipse E400, Analis, N.V., Belgium) connected with a
laboratory imaging system (Sony SSC-DC38AP Camera and Lucia 4.51 Image
Archiving and Measurement System, Analis N.V., Belgium). From each sample at
least 10 well-oriented vertically cut villi with their adjacent crypts were selected at
random and measured from the tip of the villus to the base of an adjacent crypt
and from crypt mouth to base, respectively. Quantitation of IELs and enterccytes
was done on each sample on at least 10 well-oriented vertically cut and HE
stained villi, per site, and data are expressed as IELs counts per 100 enterocytes.
The dietary treatments were unknown to the person performing the cell
morphometry and histology.

Feeds and digesta (stomach and small intestinal contents, faeces) were analysed
for dry matter (DM), crude protein (Kjeldahi method), crude fat (ether extraction
after acid hydrolysis, Soxhlet method) and ash (550°C, 2 h) according to EU
standard methods (Anonymous, 1971, 1972). The other analysis (total fatty acids,
TFA, and free fatty acids, FFA) were analysed as described before (Dierick et al.,
2002a), while total dietary fibre (TDF) and (4 N HCl) unsoluble ash, including
Celite, were carried out as described by Dierick er al. (2002b). The bacteriological
enumerations were carried out on freshly serial 10-fold diluted samples. The
selective media and culture conditions used were Eosin Methylene Blue agar (24 h,
37°C, aerobically, greenish to brown colonies), Rogosa agar {24 h, 37°C,
anaerobically, white colonies), Slanetz-Bartley (48 h, 37°C, aerobically, pink to
brown colonies) and Reinforced Clostridial agar + 0.001% hemin (48 h, 37°C,
anaerobically, total count of colonies) (all from Oxoid, Basingstoke, UK), for
Coliform, Lactobacilli, Streptococei and total counts respectively (Dierick er al.,
2002a).

Before preparing the final feeds, the endogenous Cuphea lipase activity as well as the
activity of the added lipase L5 (500 mg kg ) to Cuphea seeds, milled in corn starch
(Sigma S-4126, St Louis, TJSA) (50/50, w/w), were followed during 28 days of storage,
at room temperature. Therefore, the release of individual FFA, as % of total fatty acids
present, at days 0, 14 and 28, was followed.
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3. CALCULATIONS AND STATISTICAL ANALYSIS

The mean values per treatments (weight, growth, histomorphology, digestibility) were
compared using analysis of variance (one-way ANOVA) followed by a least significance
difference test (LSD). The computation was done using the SPSS 7.5 program for
Windows (SPSS Inc., Chicago, ILL, USA). Means of bacterial counts were calculated
as decimal values and presented as (log,, CFU {(colony forming units) per g fresh
contents), while SD values were calculated on (log;o) values. A non-parametric test
Mann—Whitney—Wilcoxon was used to compare the flora components.

4. RESULTS AND DISCUSSION

The concept of the use of a refined MCTAG oil combined with an exogenous lipase for
the in situ release of antimicrobial FFA as a potential alternative for in-feed antibiotics
was thorougly validated in previous experiments in vitro (Dierick er al., 2002a) and in
vivo (Dierick et al., 2000b). The aim of this study was to use whole Cuphea seeds, as a
non refined and cheaper MCTAG source.

In order to test possible negative effects of feeding whole Cuphea seeds to weaned
piglets, as only very limited nutritional information about the occurence of ANF in the
seeds was available, a preliminary feeding test was carried out. Cuphea has a Cj
physiology and seems to contain no saponins or cyanogens while alkaloids are mostly
absent (Watson and Dallwitz, 1994). To our knowledge, feed experiments with pigs
have never been carried out with whole Cuphea seed. Studying only the oil fraction,
Hendrich ez al. (1993) reported no any specific toxic effect in mice during long-term and
multi-generational feeding of crude Cuphea oil (8.5% in the diet).

During the preliminary experiment, the piglets had a normal feed intake (318 g/d),
growth (259 g/d) and feed/gain ratio (1.23 kg/kg). The rectal temperature ranged
between 39.2°C and 39.7°C and the piglets had a normal health condition. From this, it
can be concluded that most probably no deleterious compounds were present in the
seeds used, as no negative clinical symptoms were noted with the piglets.

Earlier research (Dicrick and Decuypere, 2002) revealed that in raw materials,
after grinding, endogenous lipase activity may increase considerably and cause levels
of FFA of more than 50% of the total lipid fraction, in 2 weeks of storage.
Supplementation of feeds with exogenous lipases should thefore always be done with
care by appropriate choice of exogenous lipases in order to prevent any excessive
but inevitable endogenous lipolysis in the prepared feeds. Therefore, before
preparing the final feeds, the endogenous lipase activity in the milled Cuphea seeds
was followed and the results presented Table III. From Table 11 it can be seen that
in Cuphea lanceolata, FFA, as% of total fatty acids present, amounted to about
16% without any effect of storage time or addition of exogenous lipase. In Cuphea
ignea, lipolysis amounted to about 8%, again, without any effect of storage time or
addition of exogenous lipase. In both milled cultivars, endogenous lipase activity
remain very low in comparison with lipase activity in grinded cereals stored at
normal temperature (Dierick and Decuypere, 2002); also the addition of lipase L5
did not influence the release of FFA during storage. Also Hellyer er al. {1999) found
a very low degree of endogenous lypolysis in Cuphea lanceolata seeds (0.82%, 30°C,
65 h of incubation).
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This can explain the fact that in the preliminary feed trial no lower feed intake was
observed, when feeding 50 g kg ™! whole Cuphea seeds in the diet. Otherwise the release
of high levels of free MCFA with a known strong ‘rancid (C4:0-C6:0), goat-like
(C8: 0}, goat-cheesy (C8:0) and unclean and soapy (C10:0-C12:0)" odour (Hamilton,
1983; Molimard et al., 1997} and averse taste most probably should have resulted in a
lower feed intake (Cera er al., 1989}

In Table IV the performance data are presented. During the first week after weaning,
the piglets on the Cuphea diet ate less, had the same growth rate combined with a better
feed conversion ratio {FCR) than those on the control diet. During the second week, the
piglets on the Cuphea diet had a 10% higher feed intake, a 23% better growth rate and a
20% better FCR than those on the control diet. Overall, the piglets on the Cuphea diet
showed a 8% higher feed intake, a 25% Faster growth and a 14% better FCR. However,
the differences never reached significancy due to the low number of animals, especially
after week 1, when five piglets, taken at random, of each group, were euthanized for the
study of some digestive parameters. Therefore, the resuits need to be interpreted with
caution. However, present results are in line with previous experiments where piglets
performed better (daily weight gain, + 10%; feed conversion, —3%) on diets
containing a commercial MCTAG oil (25 g kg~ ") + lipase (1000 mg/kg on feed)
compared with control or acid supplemented diets (Dierick et al., 2002b).

In Table V the fatty acid composition is given for the gastric contents of the
slaughtered piglets. In the stomach of the piglets on the control diet, FFA concentration
amounted to 3.6 g kg ! contents, mainly of C18:2 and without MCFA. In the stomach
of the piglets on the Cuphea diet however, FFA concentration amounted to 4.8 kg ™!
contents, the main MCFA being C10:0(14 g kg™ !. The concentration of FFA, as%
of total fatty acids, amounted to 22.8% and 33.4% in the stomach of the piglets on the
control and Cuphea + lipase diet, respectively. About 50% of the total amount of
C10:0 present in Cuphea was released in the stomach. In previous experiments with
diets containing purified commercial MCTAG oils + exogenous lipase (1 g kg~!in
diet), gastric lipolysis of MCTAG oil increased from 20% to about 65% under the
influence of the exogenous lipase added (Dierick er af., 2002b). As a result of the
endogenous gastric lipase activity, lipolysis in the stomach of piglets normally may
reach approximately 25%, as found in earlier research. The reason for the rather small

TABLE IV Performance of the piglets as influenced by the diets (Mean values)

Days

Diet 0-7 7-14 14-16 0-16
Number of piglets per treatment 15010y 16 16 HE
Feed intake {g/d; per pen] Control 212 360 489 31t

Cuphea 194 396 607 336
Growth [g/d; individual] Control 135 (128) 242 311 205

Cuphea 135 (128 268 389 256
Pvalue 1.0G (1.00" 0.19 .25 0.19
FCR (per pen) Control 1.57 1.4% 1.57 1.51

Cuphea 143 1.18 1.54 1.30

Ten piglets per treatment performed the whole trizl, indicated as  }; five piglets at random taken from each group of 15 were
stavghtered at day 7.
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TABLEV Fatty acid composition of the diets and content of total (TFA) and free fatty acids (FFA) in gastric und

upper small intestinal contents of slaughtered piglets (Means + SD, n = 3)

Diet Gastric contents Contents of upper small intestine’
Cuphea + Cuphea -+ Cupheu +
Controf fipase Conirof lipase Control lipase
FFA [gkg ™! fresh basis]
Ce:0 0.0 £0.0 00+00 0.0 0.0
C8:0 0.0+ 0.0 0.1+0.0 0.0 0.0
Cl10:0 0.06+060 14407 0.0 0.1
C12:6 0.1 +0.1 02+01 0.0 0.0
Cl14:0 0.1 £ 0.0 0.1+ 01 0.0 6.0
Ci6:0 09403 1.6+£05 0.3 0.3
Clé:i 08+00 0.0+0.0 0.0 0.0
C18:0 02401 02401 02 0.0
Cl18:1 G.5+03 0.4+03 0.2 0.0
C18:2 1L.5+£13 L2412 02 0.0
Cig:3 02+02 02+402 0.0 0.0
Sum 36+23 4.8+ 30 1.0 0.5
TFA fgkg™! fresh basis)
Ca:0 3.0+ 00 00400 0.0+£0.0 0.0+00 0.0 0.0
C8:0 0.1 +00 02400 0.0 +0.0 0.1 +0.1 6.0 0.0
C10:0 02+02 7.9 4+ 0.1 0.040.1 264+ 1.1 0.0 0.3
Ci2:0 0.8 400 1.1 +£00 034401 04402 0.1 0.0
Cl4:0 0.4+ 00 0.6 £ 0.0 0.1 +00 0.2 4+ 0.1 0.0 0.0
Cla: 66+ 01 57+£03 1.6 £ 0.6 1.4+06 04 0.3
Clé:1 03+00 02+00 0.1 +00 0.1 +0.0 0.0 0.0
Ci18:0 110400 82404 G.5402 0.4 +0.1 0.2 0.2
Cigl 00+00 0.0 +0.0 24408 1.7 +0.7 0.7 0.5
Ci8:2 333403 254406 82430 57426 20 09
C18:3 46+03 33+401 i1+04 0.8 +0.3 0.2 0.0
Sum 573+ 04 527+ 1.5 144452 132 4+ 5.7 3.6 22
FFA fas% of TFA]
Co:l 0.0+ 00 0.0+ 0.0 0.0 0.6
C8:0 0.0+00 0.0-+0.0 0.0 0.6
C10:0 0.0+ 0.0 520453 0.0 522
Ciz2:0 411+ 44 50.8 +69 48.5 79.6
Ci4:0 605 £ 5.0 7324142 813 936
Cl6:0 542430 709 + 7.6 82.0 829
Cléa1 13.8 £ 151 0.0£08 0.0 6.0
Cl18:¢ 470+ 98 484 4372 106.0 6.0
Cis:1 163+ 86 2005 4113 257 00
Cig:2 159+ 935 17.1 4+ 133 7.8 0.0
Cl18:3 18.8 162 190+ 144 0.0 0.0
Sum 28+79 334495 272 20.9

'Pooled samples per treatment; contents of first 3 meters.

increase in degree of lipolysis from 23% to 33% may be due to the fact that the

exogenous added lipase activity (0.5 g kg

=1

acting on the fat, incorporated in the seed matrix.
The influence of feeding Cuphea seeds and lipase on the luminal flora in the
foregut of the piglets is given in Table VI. The enzymic in situ released antimicrobial

MCFA (1.7g kg~' fresh gastric contents) tended to decrease the number of

in diet) may not have been sufficient for

coliforms in the proximal small intestine, but not in the stomach or distal small
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TABLE VI Influence of diet on luminal microbial ecology in stomach and small intestine {CFU logq /g fresh
material] (Means + SD, n = 3)

Diet Stomach sy 312
Coliforms Control 3.6 + 0.1 54409 5.9+ 0.8
Cuphea 44* 403 46%+0.3 6.6+ 1.2
Streptocecci Control 7.6% 4 0.1 7.0 + 0.1 7.9° & 0.4
Cuphea 7.5 4+ 0.4 8.9 + 0.2 68"+ 0.9
Lactobacilli Control 7.6+ 0.1 74+ 08 7.7+ 0.5
Cuphea 73+ 04 6.8+ 0.7 64"+ 0.7
Total count Control TR £07 6.6+ 0.1 715 +£00
Cuphea 7.0 +£ 0.1 6.4% + 0.4 728+ 0.6

' QI 1; Upper simall intestine; 03 m distal from the pylorus

Means with different superscript letters indicate significant differences (£ < 0.03).

intestine. With Cuphea, the number of Streptococci was significantly lower in small
intestine, but not in the stomach, while the number of Lacrobacilli was significantly
lower in the distal small intestine and tended to be lower in the stomach and
proximal small intestine. No differences between the diets were noted for the total
anaerobic microbial load in the the stomach or the gut. The reason for the less
pronounced effects of the Cuphea seeds + lipase on the gut flora in comparison with
earlier research with commercial MCTAG fat sources and lipases (where a 100-fold
decrease in microbial load was noted) (Dierick ef al., 2002a,b), may be related to the
smaller release of MCFA in the present experiment, probably due to the smaller
amount of MCTAG fat used (50 g kg~ ' Cuphea seeds representing 15 g kg
Cuphea oil in the diet vs. 25~ 50 g kg™' commercial MCTAG oils in the diet), the
smaller amount of lipase used (0.5 g kg ' vs. 1 ¢ kg ' in the diet) and to the fact
that the Cuphea fat was still incorporated in the whole seed and not extracted before
use. Also non optimal enzymic conditions in the stomach (pH 3.8), differing from
the pH-optimum of 5.5 of the used lipase, should be mentioned. Earlier research
(Dierick er al., 2002a,b) revealed that a minimal concentration of 3.5 g kg ' MCFA
or 0LO25M (with a C8:0/C10:0 ratio of 0.65/0.33) in the medium (stomach,
proximal gut) was necessary for obtaining a significant ( > 10-fold) suppression of
the luminal flora. In the present research the concentration of free MCFA in gastric
contents was only + 1.7 g kg™ ! with a C8:0/C10:0 ratio of 0.05/0.95. Because the
antimicrobial activity is dependent on the pKa of the acid, on their molecular weight
(MW) and on their lipophilic/hydrophilic character, MCFA with lower MW and
lesser lipophylic character (C8:0) will be more effective in penetrating into the
microbial cells and more bactericidal than C10:0, as was found in earlier studies
(Dierick et al., 2002a,b). So, the used Cuphea cultivars had a less favourable FFA
profile than the commercial MCTAG sources used earlier.

The mode of action of organic acids including medium chain fatty acids on bacteria 13
well described and is based on the ratio dissociated(A-)/non-dissociated (HA) acid
(Dierick et al., 2002a). Briefly, the non-dissociated acid is responsible for the
bactericidal effects, because it can cross the cell wall of the bacteria, while the
dissociated form cannot. In the cell of the bacteria, where the internal pH is around
6.5~ 7.0, the acid will dissociate and the internal pH will drop. Enzymatic processes will
stop and the proton motive force will coflapse. These effects result in cellular death.
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In Table VII, the pH and dry matter content in the stomach and foregut of the piglets
are presented. Because the piglets were slaughtered with no preliminary fasting period, a
gastric pH of 3.8 is rather normal (Cranwell er al., 1976; Decuypere er al., 1973). No
significant differences were noted in pH in the stomach or along the foregut between the
treatments. DM content in the lower small intestine was significantly lower with the
Cuphea diet (66 g kg~ ') compared to that with the control diet (32 g kg™ Y. Cuphea
seeds are characterized by a hard seed coat with invaginated spiral mucilaginous hairs in
the outermost cell layers. Omne case of emaciation and death in guail has been reported
after feeding whole C. carthegenensis seeds. Moisture in the crop caused release of the
mucilaginous seed hairs that subsequently formed an impaction that blocked any
further passage of food and ultimately led to death of the birds (Furst, 1978). Indeed
the mverted spiral hairs containing primarily arabinose, become everted and highly
mucilaginous upon soaking in water for 10~ 20 min. This could probably explain the
higher water content in the proximal gut contents of the piglets, fed Cuphea seeds, in
our experiments.

In Table VIII, the influence of the diet on the gastric, ileal and faecal apparent
digestibility of some nutrients, calculated with 4 N HCl unsoluble ash as an inert
marker, are given. No significant differences were noted here for any of the nutrients.
The rather high apparent ileal digestibility coefficient {IDC) for TDF (75%), compared
to the faecal DC (45%) is probably caused by the high amount of endogenous material

TABLE VII pH and dry matter content [g kg ™ * fresh basis] of gastric and small intestinal contents (Means + SD,
n=275

Diet. Stomach Si s Sr2?
pH Contral 38 +0.5 367+ 04 6.8+ 0.4

Cuphea 3844 0.4 54% 4+ 0.5 718+ 01
DM Control 234 1 16 44* 66 + 27

Cuphea 223 + 33 33° 32% 47

L 811 upper small intestine: 0 3 m distal from the pylorus

2812: 0~ 3 m proximal of the caecum

 Pooled samples

Means with different superscript letters indicate significant differences (P < §.035}.

TABLE Vil  Influence of diet on gastric, tleal and faecal apparent digestibility coefficients (DC) of some nutrients
(Means + SD, n = §?

Gastric DC Hleal DC Faecal DC
DM Control 404+ 78 66.5 + 14.8 769+ 32
Cuphea 26.1 + 133 66.7 4+ 14.5 773+ 1.8
P Control N.D.2 529+ 166 69.9 + 9.1
Cuphea N.D. 56,5+ 144 689449

Crude fat Control N.D. 5034222 46,5+ 183
Cuphea N.D. 433 4+ 221 478 +£79
TDF? Control N.D. 767+ 6.9 454 +4.1
Cuphea N.D. 748 + 283 434 4+ 5.1

! No significant differences
2N.D.: not determined
? Total dietary fibre.
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and the very low ileal DM content { + 50 g kg ™"). The gastric DC value for the sum of
the fatty acids amounted to 24%, without difference between the diets, while the DC
value for C10:0 and C12:0, being the most important MCFA in the Cuphea diet,
amounted to only 2% and 6% respectively (data not shown). In earlier experiments,
gastric DC values for total and MCFA ranged between 20-40% and 5-20%,
respectively (Dierick er al., 2002b). Evidence of direct absorption of MCFA across the
stomach wall is also given by Herting et al. {1956), Clark er al. (196%) and Aw and
Grigor (1980). From these data it is clear that almost all C10:0 from Cuphea will be
delivered to the duodenum lor further antimicrobial action, after lipolytic release from
the fat under the influence of exogenous and pancreatic lipases.

In Table TX the effect of diet on the mean villus height and crypt depth at two sites of
the small intestine is given. Feeding Cuphea + lipase resulted in a significant lesser crypt
depth and greater villus/crypt ratio in the proximal small intestine and in a significant
increase in villus height and decrease in crypt depth and increase in villus/crypt ratio in
the distal small intestine. In Table X, the effect of diet on the intra-epithelial lymphocyte
counts is presented. With the Cuphea + lipase diet, the number of IEL per 100
enterocytes in the small intestine is significantly lower at proximal and tended to be
lower at the distal site. Intra-epithelial lymphocytes are T-lymphocytes, with the
majority of the CD8 phenotype, of which the functions are not entirely elucidated.
However, IEL play an important role in the defense against invasive pathogens, the
induction of apoptosis and the conservation of the mucosal integrity. High villus/crypt
ratios and low IEL counts are generally accepted for a more heaithy and more
functional capacity of the mucosa because shortening of villi, lengthening of crypts
(indicative for an increased mitotic activity) and high TEL counts are characteristic for
pathologic changes and damages (Kik, 1991). Hampson and Kidder (1986) and Pluske

TABLE IX FEffect of diet on the villus height and crypt depth {Means 4 5D, » = 5; 10 measurements per pig and
per site) at the proximal and distal small intestine

Villus helght  Crypr depth vic Villus height  Crypt depth Vic
Diet Si1 St1 St Srz2 §i2 Si2
Control diet 38194562 2442+ 390 16) +034 4477+ 560 2466+ 382 1854037
Cuphea + lipase diet 3657+ 646 201.0+40.1 183 +046 35071 £855 23524407 223+0.54
ok

014 bt d ok & k% ek

- . 2
Significance or P value™

1 Measuring sites: ST1: 3 m distal from the pylorus and $I 2: 3 m proximal of the caccum
“ Significant from control: * (P < 0.03); ** (P < 0.07); *** (P < 0.001)
* Villus height/crypt depth ratio,

TABLE X  Eflect of dist on the number of intra-epithelial villous lymphocytes (IELs) in the proximal and distal
small intestine (mean value of five piglets £ SD; at least 10 measurements per pig and per site)’

Diet si° s12°
Control diet 339+ 3. 303+68
Cuphea + lipase diet 267 +£23 260+ 18
Significance or P value’ o 0.21

EExpressed as [ELs per 100 enterocytes
“Measuring sites: SI 1: 3 m distal from the pylorus and 81 2: 3 m proximal of the caecum
3Signiﬁcant from control: ** (P < 0.01;
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et al. (1996) stated that an increase in crypt depth is compatible with an increase in
crypt-cetl production rate and an overall stimulation of cell turn-over in the smalil
intestine. Both phenomena are associated with reduced digestive and absorptive
capacity. Minimal viltus height and maximal crypt depth were normally found at about
8 days post-weaning, being the slaughter time of the piglets in present experiment
{(Kenworthy, 1976; Deprez et al., 1987; Pluske er al., 1997, Van Beers-Schreurs er «l.,
1998). Therefore the observation that MCFA in the gut lumen might prevent this post-
weaning villus height reduction may be of particular interest in the prevention of post-
weaning enteric disease. This is in line with the results of Galluser ez al. (1993) reporting
that rats who were given a MCTAG/LCTAG diet showed a higher mucosal mass,
protein content and increased villus length and crypt depth in the proximal part of the
small intestine compared with the LCTAG and control diet groups, suggesting that
MCTAG represent a rapidly available and high energy fuel for the tissue. Also
Czernichow er al. (1996} found that enteral infused MCTAG enhanced mucosal mass
and favoured epithelial cell renewal in the proximal intestine in rats. Possible
interferences arising from the mucilaginous arabinose containing hairs of the Cuphea
seeds with the gut flora and/or the intestinal surfaces may not be excluded however and
need further research.

The present results, although less pronounced for some parameters, are in line with
foregoing research, showing that manipulation of the gut ecosystem by the enzymic in
situ released MCFA in the stomach and fore-gut may result in improved performances
of the piglets (Dierick, et al., 2002a,b), which makes the concept a potential alternative
for in feed nutritional antibiotics, which show established similar effects (Vervaeke et
al., 1979; Thomke and Elwinger, 1998; Anderson et al, 1999). The present obtained
growth promotion could be improved however by increasing the level of Cuphea seeds
and/or lipase in the diet and/or by choosing Cuphea cultivars with a higher C8:0/C10:0
ratio e.g. Cuphea painteri or hookeriana (0.70/0.30) (Kleinman, 1990). More and long-
lasting experiments are needed however, before Cuphea can be used in practical pig
feeding, in the supposition that the seeds become commercially available in the future,
as af present, most Cuphea seeds are rather harvested by hand and on a small scale.

Finally, attention must be drawn to the impact of feeding MCFA to pigs on product
quality. Although the conversion of MCFA into long-chain fatty acids by hepatic de
novo lipogenesis is likely to be a less important metabolic pathway, higher levels of
MCFA (4% or more in the diet) selectively increase the firmness of the carcass fat by
MCFA chain elongation (Bergner and Sommer, 1994). In order to avoid these increases
in degree of saturation of the carcass fat in slaughter pigs and because the major
changes in fatty acid composition due to diet will occur within 4—3 weeks (Wiseman
and Agunbiade, 1998), high levels of MCTAG are not recommended in the finishing
phase of pigs.
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