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Abstract

The main aim of the study was to evaluate the effect of two experimental feed additives based on
kaolin clay on piglets’ health and microbiota status. The experiment was divided into 2 parts —
from birth up to weaning (28 d) and later after weaning up to 70 d of age. Eighteen litters of piglets
with sows were divided into 3 groups: control, A and B. The animals from experimental group A
were supplemented with kaolin clay (100%), while the animals from group B received kaolin clay
enriched with dried pomace of chokeberry and fructooligosaccharides. We noted an improvement
in blood parameters related to anaemia, which were significantly better in the experimental group
B in comparison to the control and A group (haematocrit; 37.67 and 37.40 vs 39.65%; P<0.0005).
The dietary treatments during pre-weaning time influenced the increase of the E. coli strain in the
colon and jejunum and had no effect on lowering the population of Salmonella and Shigella in the
colon. However, it affected the quantity of Salmonella and Shigella in the jejunum in both A and
B (-20%) groups. The rise of commensal bacteria Lactobacillus (+2.3 and +10%) and Bacteroides
(+5.82 and +5.11%) was observed in groups A and B in the colon. This effect was not present in
the jejunum.
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Currently there are many feed additives available on the market to strengthen
the proper functioning of the gastrointestinal tract of suckling and weaned piglets
(Pluske, 2013). Their ongoing development is translated into improved production
rates and lower economic losses due to poor weight of the animals or high mortality.
A short period of rearing often does not allow the animals affected by illness to un-
dergo growth compensation. The main economic losses are incurred in pig produc-
tion as a result of intestinal and respiratory diseases. The periods characterised by the
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highest occurrence of diarrhoea are the postnatal period and the time of change of
nutrition to a constant feed mixture, which is connected with the strong stress caused
by weaning. This is the cause of intense adverse changes occurring in the piglets that
can lead to increased susceptibility to infections by pathogens. The young piglets,
with a poorly developed immune system, are not able to overcome them without
veterinary involvement (Skrzypek et al., 2010; Grecco et al., 2018). The invasion of
pathogenic microorganisms often causes serious damage to the intestinal epithelium.
Instead of proliferation and maturation of cells, it begins to dominate the processes
of apoptosis leading to villus atrophy, crypt superficiality and reduced epithelium
mitotic divisions (Dong and Pluske, 2007). To prevent the negative effects that are
caused by pathogenic organisms on the intestinal epithelium, the present study fo-
cused on the action of kaolin clay and kaolin in combination with dried pomace of
chokeberry and fructooligosaccharides on reducing diarrhoea in piglets.

Geophagy is a phenomenon known since ancient times, common for both ani-
mals and humans (Panichev et al., 2013). Birds willingly eat soil with bentonite and
smectite (Gilardi et al., 1999), while rats suffering from diarrhoea during a period
of stress begin to consume kaolin rich in kaolinite (Morita et al., 1988). Alumino-
silicates have very favourable physical and chemical properties with regard to the
physiology of the gastrointestinal tract. They show strong sorption properties, reduce
the surface tension of the intestinal contents, enhance liver function emulsification of
fats, have the ability to bind bacterial toxins and mycotoxins (Knezevich and Tadic,
1994; Magnoli et al., 2008; Trckova et al., 2009; Panichev et al., 2013; Schneider et
al., 2017). They also cause a reduction in the emission of toxic gases from the litter
(Schneider et al., 2017), limit the bioaccumulation of toxic metals (Yu et al., 2008)
and supplement the animal diet with a range of macro- and micro-minerals like iron,
magnesium or silicon (Al-Ani et al., 2006).

Prebiotics, to which fructooligosaccharides (FOS) belong, are designed to main-
tain the homeostasis of the gut microflora and thus to preserve its biological activ-
ity at the optimum level and prevent the intestines from colonisation by pathogenic
strains of bacteria, viruses and protozoa. The last component analysed in our ex-
periment was dried pomace of chokeberry which, through its antioxidant properties
(S¢jka et al., 2013; Samoticha et al., 2016) may be a factor supporting the work of
the gastrointestinal tract, especially protecting it from inflammation. What is more,
Aronia melanocarpa is able to improve haematological parameters by protecting the
red blood cells from damage (Pilaczynska-Szczesniak et al., 2005).

The aim of the study was to determine the effect of additives containing kaolin
clay, dried pomace of chokeberry and fructooligosaccharides on microbiota and the
health status of suckling and weaned piglets.

Material and methods

Animals and diets
The experiment was approved by the 2nd Local Ethical Review Committee for
the Animal Experiments in Krakow, Poland (protocol number 839/2011) and per-
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formed in an Experimental Farm of the National Research Institute of Animal Pro-
duction. The research material consisted of 193 piglets divided into 3 groups, coming
from 18 sows of the Polish Large White x Polish Landrace line, being in the second
or third reproductive cycle and receiving non-granulated complete mixture for high
prolificacy and nursing sows (Table 1). All the sows were covered by one boar of the
Duroc x Pietrain line. After mating, the sows were kept in group pens of 2—-3 sows
each, and then at 80 d of gestation were moved to farrowing pens equipped with
nipple drinkers. The sows and piglets were housed, fed and managed according to ac-
cepted standards of husbandry, hygiene, nutrition and welfare. The pens had a plastic
slatted floor, including a heated section for the piglets. The farrowing house and rooms
used were typical for farrowing sows, with flat decks and slatted floors. Each pen
measured 2.5 m by 2.0 m (2.0 m by 0.6 m for piglets remaining in a pen with sows).
Each flat deck unit was cleaned daily and, when vacant, was thoroughly washed
and disinfected. The rooms were lit by a combination of day and artificial light.
Each room was automatically ventilated, keeping the temperature between 22°C and
27°C. After weaning, the piglets were housed in pens with completely slatted floors
in a climate-controlled weaning room.

After farrowing, the sows with litters were assigned to proper nutrition groups.
The animals were divided into 3 groups, each with 6 sows and piglets. Litters in
each group were assigned by the analogue method, taking into account their size and
the average birth weight of piglets. Each of the piglets was individually marked by
placing an ear-ring in the right ear. In the control group the initial number of piglets
was 63, in group A — 62 piglets, and in group B — 68 piglets. The nutrition part of
the experiment was divided into two stages due to the different feeding type: the
first from birth to weaning (1-28 d of age), and the second from weaning to 70 d of
age. During the first stage of the experiment the piglets remained with the sows. The
weaned piglets were kept in group pens on a layer of straw (each litter in an individ-
ual pen). The piglets from the control and experimental groups were fed with a non-
granulated complete pre-starter feed compound (4-28 d of age) and the starter (from
29 d to 70 d of age) (Table 1), meeting the requirements for all nutrients. Feed rations
were prepared according to Nutrient Requirements of Pigs (1993). In addition, the
piglets from birth to weaning had unrestricted access to breast milk. On the 3rd d
the piglets were administered with glucose (1020 mL) and 1 mL of ferric additive
Ferran 200, which was repeated at 21 d of age. On the same day, the piglets also re-
ceived a vaccine against Mycoplasma spp. The males were castrated when they were
4-5 d of age. The following additive compounds were delivered: kaolin clay (Lubel-
skie Zaglebie Weglowe, Poland), aluminosilicates — content 670 g kg'DM, dried
pomace of chokeberry (Polfeed, Poland) and fructooligosaccharides — Orafti P95
(Beneo-Orafti, Tienen, Belgium).

The suckling piglets were administered with the additive in the form of a paste
using an applicator in the amount of 6 mL per animal at 5, 12, 19 and 26 d of age.
Each of the suckling piglets from the experimental groups obtained 6 mL of the ad-
ditive (containing: 3 mL of water; 4.2 g of kaolin clay; 0.9 g of FOS and 0.9 g of
dried pomace of chokeberry). The control group received a placebo — 6 mL of water
administered using an applicator. From the weaning period, levigated additives were
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added to the concentrate mixture in an amount of 6 kg/ton of feed. The A and B addi-
tives contained the following: additive A — kaolin (100%); additive B —kaolin (70%),
dried pomace of chokeberry (15%) and fructooligosaccharides (15%). Doses were
established on preliminary experiments carried out in the pig farm (unpublished
data). Feed and drinking water were offered to the animals ad libitum.

Table 1. Composition and nutritional value of feed mixture for late gestation and lactation sows, pre-
starter diet for suckling piglets and starter diet for piglets after weaning up to 70 d of life

Item Sow feed Piglet feeds
Pre-starter Starter
Barley meal % - 11.57 21.71
Wheat meal % 30.0 43.50 27.10
Maize meal % 35.0 - 20.00
Wheat bran % 15.0 - -
Soybean meal (46% CP) % 16.0 25.00 21.00
Ground limestone % - 0.80 0.90
Milk replacer % - - 4.0
Skimmed milk powder % - 9.0 -
Dried whey % - 5.0 -
Monocalcium phosphate % 1.10 0.90
NaCl % 0.14 0.35
L-Lysine 98% % 0.27 0.48
L-Threonine 98% % - 0.124
DL-Methionine 99% % 0.12 0.20
L-Tryptophan 98 % % - 0.04
Plant oil % - 3.0 2.0
Vitamins and minerals % 4.0 0.50%* 0.50%*
Porzyme 9300 % - - 0.10
Phyzyme XT % - - 0.001
Experimental additive? % - - 0.60
Total % 100.00 100.00 100.00
Content in 1 kg
metabolizable energy MJ 12.80 13.80 13.40
crude protein g 169.0 205 180
lysine g 9.08 13.80 13.00
methionine and cystine g 6.34 7.88 7.25
threonine g 5.50 7.67 7.75
tryptophan g 1.76 2.55 2.52
calcium g 9.10 9.08 8.04
phosphorus g 7.10 6.71 5.90
sodium g 2.80 2.0 1.72
potassium g 6.70 9.22 7.27

"The composition of mineral-vitamin premix in 1 kg: Na — 50 g; Ca— 207 g; P — 48 g; Mg — 50 g; Lysine —
60 g; Methionine — 12 g; Valine — 10 g, Threonine — 21 g; Vitamin A — 380,000 IU; Vitamin D, — 50,000 IU;
Vitamin E — 3500 mg; Vitamin K, — 125 mg; Vitamin B, — 57 mg; Vitamin B, — 152 mg; Vitamin B, — 1,000
mg; Vitamin B, — 114 mg; Vitamin B, — 1.2 mg; Niacin — 1,000 mg; Folic acid — 125 mg; Biotin — 7.5 mg; Fe —
3,000 mg; Mg — 1,330 mg; I — 50 mg; Zn — 3,000 mg; Cu — 510 mg; Co — 17 mg; Se — 8.7 mg. Premix used in
the mixture for sows: Global Max 4% of LNB (Cargill).

"The composition of vitamin-mineral premix in 1 kg: Na — 50 g; Ca — 208 g; P — 42 g; Mg — 10 g; Lysine
— 60 g; Methionine — 12 g; Valine — 10 g, Threonine — 21 g, Vitamin A — 380,000 IU; Vitamin D, — 50,000 IU;
Vitamin E - 3,500 mg; Vitamin K, — 125 mg; Vitamin B, — 57 mg; Vitamin B, — 152 mg; Vitamin B, — 1,000 mg;
Vitamin B, — 114 mg; Vitamin B , — 1.2 mg; Niacin — 1,000 mg; Folic acid — 125 mg; Biotin — 7.5 mg; Fe — 3,300
mg; Mn — 1,330 mg; I - 50 mg; Zn — 3,010 mg; Cu — 510 mg; Co — 40 mg; Se — 12 mg.
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Measurement of blood parameters

At d 25 and 70 blood was collected from 8 piglets from each litter from a jugular
vein to perform the following assays: morphology with smear (AVIDIA 2010 ana-
lyser, Siemens, Germany), and biochemistry (ALT, AST, creatinine, glucose, urea
nitrogen, total protein, bilirubin, cholesterol, triglycerides) was conducted on a Sie-
mens Dimension Xpand Plus (Germany) system.

Intestinal microflora and inflammatory changes

At the weaning, 6 piglets from each group (3 males, 3 females) were euthan-
ised by morbital injection into the heart of 0.3 mL/kg (Biowet, Poland) in order
to estimate the composition of the gut microflora in the jejunum and distal colon.
Immediately after sectioning, the two selected segments of gut were dissected, the
intestinal ends were secured by thread to protect against outflow of content, and
then placed on ice and delivered to the microbiology lab. From each segment 1 g of
content was placed into 0.9 mL of normal saline to prepare the 1:10 dilution. Then,
serial dilutions were made up to 1: 100 000 by the generally applicable Koch plate
dilution methods. Next, serial dilutions of the material were transferred to a sterile
petri dish, which were poured over the substrates to determine the quantities of the
various groups of microorganisms:

a) total amount of bacteria — MPA medium,

b) total number of lactic acid bacteria — Demeter medium,

c) Salmonella and Shigella bacteria — SS medium,

d) Bacteroides bacteria — Schaedler agar medium with blood (anaerobic condi-
tions),

e) Clostridium perfringens — BBL Clostridium difficile Selective Agar.

The incubation time was 24 h at 37°C. After cultivation, the grown colonies of
bacteria were counted for each dilution and the amount converted per 1 g of the
content by the formula:

L=(Y (i=0)"nxy)/n

where:
L — the number of microorganisms in 1 g,
x — the average number of colonies in the dilution,
vy — dilution,
n —number of readings.

Escherichia coli was determined by titer, that is the highest dilution of the mate-
rial which indicates the presence of the tested microorganisms. Broth with lactose
and bromocresol purple (LPB) was used as the culture medium. Positive result was
determined by a colour change from purple to yellow and the content of the gas in the
Durham tube. All positive results were grafted on Endo agar (selective differential
medium). The appearance of purple colonies with a metallic sheen confirming the
presence of faecal E. coli was assumed as positive result. The incubation time was
24 h at 37°C.
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Statistical analysis

The data were statistically analysed by one-way analysis of variance ANOVA
using Statgraphics Plus 5.1 software (2001). The Tukey’s test was used to indicate
significant differences between the groups. Differences were considered statistically
significant as P<0.05.

Results

The piglets in group A (Table 2, 3) showed significantly higher mean corpuscular
haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) at
25 d than piglets from the control and B groups. The highest level of reticulocytes
was observed in the control group in comparison to groups A and B at the end of the
experiment (P<0.0005). The highest values of haematocrit (P<0.0005) and red blood
cell level (P<0.0016) were shown in group B at 25 d of age. All haematological
parameters discussed above were fixed in physiological range for piglets, although
MCH and MCHC with very small deviation (Winnicka, 2002; Rahman, 2016; Merck
Manual, 2018).

Table 2. Effect of dietary supplementation with kaolin clay (group A) and with kaolin (70%) enriched
in dried pomace of chokeberry (15%) and fructooligosaccharides (15%) (group B) on haematological
and biochemical blood parameters at 25 d of age

Control group| Group A |Group B
Ttem (o 6g) P (n:g) (nzg) SEM |P-value
Chosen haematological parameters at 25 d of age
white blood cell (cells/uL) 1735a 15.04b 14.62b 0.35 0.004
red blood cell (cells/pL) 6.59 ab 635a 6.74b 0.05 0.002
haemoglobin (g/dL) 10.58 11.13 11.22  0.12 0.109
haematocrit (%) 37.67 a 3740a 39.65b 0.27 0.001
mean corpuscular volume (fL) 57.21 58.94 59.00 035 0.109
mean corpuscular haemoglobin (pg) 16.08 a 17.56b 16.75ab 0.20 0.012
mean corpuscular haemoglobin concentration (g/dL) 28.07 a 29.73b 28.32a 0.25 0.014
platelet count (fL) 511.58 589.02 553.16 15.25 0.135
neutrophils (%) 27.23 29.89 3091  0.89 0.255
lymphocytes (%) 66.3 63.49 61.53  0.87 0.095
monocytes (%) 3.57 3.88 4.58  0.28 0.350
eosinophils (%) 1.45 1.43 1.37  0.14 0.976
basophils (%) 0.50 ab 0.59a 047b 0.02 0.062
reticulocytes (cells/L) 310.95 307.16 329.96 11.63 0.678
Biochemical parameters at 25 d of age
alanine transaminase (U/L) 3735a 34.04a 43.02b 1.00 0.001
aspartate aminotransferase (U/L) 64.82 a 56.34b 65.83a 1.25 0.002
creatinine (pmol/L) 89.27 83.92  93.08 1.69 0.073
urea nitrogen (mmol/L) 297 a 1.98b 3.23a 0.17 0.003
total protein (g/L) 50.77 a 50.30a 53.39b 0.35 0.000
bilirubin (pmol/L) 530a 447ab 3.78b 0.20 0.008
total cholesterol (mg/dL) 134.26 137.48 132.72  2.50 0.723
triglycerides (mg/dL) 88.96 80.64 7725 272 0.213

a, b — the different letters in a row show values which differ significantly (P<0.05).
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Blood parameters which indicate potential inflammation process (leukocytes and
basophils) in the period from birth to 25 d of age were lower in group B compared to
group A, especially in the case of basophils (P<0.0259), The tendency to its lowest
value was also maintained in a later period, although the level of white blood cells
was significantly lower only in group A (P<0.0080).

The results of biochemical analysis of blood plasma included in the liver function
tests: total protein, bilirubin, aspartate aminotransferase (ALT), alanine aminotrans-
ferase (AST) in the first and second period of rearing are very diverse and do not
indicate the existence of a relationship between the agent used in the experiment and
the health of the piglets. The lowest urea-nitrogen was observed in group A at 25 d
of age compared to group B (P <0.0035) and the control.

Table 3. Effect of dietary supplementation with kaolin clay (group A) and with kaolin (70%) enriched
in dried pomace of chokeberry (15%) and fructooligosaccharides (15%) (group B) on haematological
and biochemical blood parameters at 70 d of age

Control
Item group G(rrcl):g)A G(r;):g)B SEM | P-value
(n=6)
Chosen haematological parameters at 70 d of age

white blood cell (cells/uL) 20.02ab 14.84a 22.17b 0.85  0.008
red blood cell (cells/pL) 6.28 6.31 6.40 0.06  0.699
haemoglobin (g/dL) 10.42 10.91 10.62 0.16  0.551
haematocrit (%) 36.50 36.31 36.70 032  0.906
mean corpuscular volume (fL) 58.16 57.56 57.45 2.11 0.487
mean corpuscular haemoglobin (pg) 16.61 17.31 16.66 024  0.593
mean corpuscular haemoglobin concentration

(g/dL) 28.53 29.96 28.95 033 0.346
Platelet count (fL) 430.64  505.60  479.57 16.86  0.246
Neutrophils (%) 42.62 45.14 42.51 .16  0.717
Lymphocytes (%) 52.59 48.31 48.73 1029 0.335
Monocytes (%) 2.69 4.2 7.9 2.21 0.5578
Eosinophils (%) 1.10 1.3 1.23 0.07  0.507
Basophils (%) 0.35a 0.86b 039a 0.05 0.001
Reticulocytes (cells/L) 350.02a 274.50b 255.17b 11.71 0.001

Biochemical parameters at 70 d of age

alanine transaminase (U/L) 51.30a 66.07b 5730a 1.3 0.000
aspartate aminotransferase (U/L) 71.70 ab 74.60a 66.90b 1.2 0.022
creatinine (umol/L) 11.33 15.80 14.05 1.27  0.703
urea nitrogen (mmol/L) 7.75 7.44 8.21 0.63 0.879
total protein (g/L) 5391 52.61 55.27 0.49  0.082
bilirubin (pmol/L) 2.07 1.82 1.58 0.12  0.224
total cholesterol (mg/dL) 75.50 76.88 76.29 1.44  0.930
triglycerides (mg/dL) 36.57 33.20 33.14 1.18  0.403

a, b — the different letters in a row show values which differ significantly (P<0.05).

Analysis of the intestinal microflora in the first part of the experiment (1-28 d
of age) indicates that there was an increase in groups A and B in the population of
pathogenic bacteria from Salmonella and Shigella and C. perfringens strains in the
colon (Figure 2) and E. coli in both studied sections of the gastrointestinal tract
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(Figure 3). However, there was a decrease of Salmonella and Shigella and C. perfiin-
gens observed in the jejunum (Figure 1) but no increase of lactic acid bacteria and
Bacteroides in the piglets receiving kaolin clay and kaolin clay enriched with dried
pomace of chokeberry and fructooligosaccharides (Figure 1) in comparison to the
control group. The population growth of the mentioned commensal bacteria was re-
corded only in the second part of the intestines — the distal colon in both experimental
groups A and B (Figure 2).
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Figure 1. Mean counts of major microbial groups in jejunum of suckling piglets in experimental groups;

A — dietary supplementation with additive containing kaolin clay (100%); B — dietary supplementation

with additive containing kaolin clay (70%) with dried pomace of chokeberry (15%) and fructooligosac-
charides (15%)
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Figure 2. Mean counts of major microbial groups in colon of suckling piglets in experimental groups;
A — dietary supplementation with additive containing kaolin clay (100%); B — dietary supplementation
with additive containing kaolin clay (70%) with dried pomace of chokeberry (15%) and fructooligosac-

charides (15%)
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Figure 3. Mean counts of E.coli in jejunum and colon of suckling piglets in experimental groups;
A — dietary supplementation with additive containing kaolin clay (100%); B — dietary supplementation
with additive containing kaolin clay (70%) with dried pomace of chokeberry (15%) and fructooligosac-
charides (15%)

Discussion

The observation of the rearing parameters may indicate a positive influence of
the kaolin clay supplemented with dried pomace of chokeberry and fructooligo-
saccharides on animals. The obtained results did not show a beneficial effect on
the piglets’ growth parameters that were confirmed statistically. In groups A and B
a tendency to higher weight gain was observed compared with the control treatment.
Average daily gain was also higher in both experimental groups in comparison to the
control between 1-28 and 1-70 days of age. Whereas daily feed intake did not differ,
the feed conversion ratio was lower in the experimental groups (29-70 days of age)
(Bederska-tojewska et al., 2016). The positive effect of kaolin clay on the proper
functioning of the intestines, reconstruction of the epithelium and improving digest-
ibility of feed were observed in other experiments on piglets (Tortuero and Rioperez,
1993; Xia et al., 2005; Alexopoulos et al., 2007; Trckova et al., 2009). It is believed
that kaolin clay slows the processes of the intestinal passage, which promotes bet-
ter assimilation of nutrients and increased resorption of water (Papaioannou et al.,
2005). Another mechanism described in the literature is to mitigate the effects of
weaning through protecting the pancreatic enzyme from proteolysis. Some authors
attribute the improvement in body weight gain to the increased levels of a-amylase,
a-chymotrypsin and lipase due to kaolin clay (Cabezas et al., 1991; Parisini et al.,
1999; Papaioannou et al., 2005). Aluminosilicates selectively bind toxic substances
present in the intestine, thus reducing the potential adverse consequences of their ac-
tion (Knezevi¢ and Tadi¢, 1994; Phillips, 2004; Abdel-Wahhab et al., 1999; Hassen
et al., 2003; Dominy et al., 2004). In the studies of Pieszka et al. (2010), Estrada et
al. (2001), Houdijk et al. (2002) and Modesto et al. (2009) the results were similar.
However, both chokeberry, due to its antioxidant properties, and oligosaccharides
have the properties of stimulating commensal microorganisms which can improve
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the functioning of the gastrointestinal tract, providing protection against diarrhoea
(Modesto et al., 2009; Li and Kim, 2013).

The lower parameters MCH (P<0.0120) and MCHC (P<0.0141) observed in the
control group could be caused by anaemia associated with iron deficiency. This may
indicate the fact that a supplementation of kaolin, which is a natural source of iron
(ca. 1%), may have a positive effect on the prevention of anaemia in young piglets.
A similar relationship was observed by analysing the level of reticulocytes. Their in-
creased level in the control group could be caused by increased erythropoiesis in the
bone marrow, which could be a consequence of iron deficiency in an earlier period.
The geophagy phenomenon was confirmed as a method to align a low level of iron
in some animals during the period of anaemia, and in experiments on newborn rats
coming from mothers with a decrease in the amount of red blood cells (Trckova et al.,
2009; Patterson and Staszak, 1977). However, it should be noted that not all authors
confirm this effect in their studies (Wiles et al., 2004; Alexopoulos et al., 2007). The
highest values of haematocrit (P<0.0005) and red blood cell level (P<0.0016) was
shown in group B. This may be attributed to the antioxidant properties of chokeberry.
Supplementing the diet with chokeberry juice produced a positive effect in humans,
increasing the number of red blood cells by reducing their oxidative damage induced
by exercise in a group of studied rowers (Pilaczynska-Szczesniak et al., 2005).

The lowest leukocytes and basophils level in the period from birth to 25 d of age
in group B can indicate a limitation of inflammatory processes in the intestine. Both
additives reduced the occurrence of diarrhoea. However, additive B was more effec-
tive in this case (Bederska-Lojewska et al., 2016).

Significantly lower levels of urea-nitrogen in group A compared to group B
(P <0.0035) and the control may result from the impact of the kaolin clay on a higher
retention of protein (Parisini et al., 1999). Proteins are absorbed primarily in the duo-
denum and jejunum. However, their disintegration begins in the stomach where, due
to the low pH, the denaturation process is induced. In the duodenum follows further
degradation of proteins and peptides into amino acids due to proteolytic enzymes of
pancreatic juice. Kaolin, by increasing their availability and protecting them against
proteolysis, enhances the digestion of proteins, allowing for their better use (Trckova
et al., 2009). The second mechanism which may result in better protein retention
may be the slower passage that prolonged their contact with pancreatic enzymes.
This longer time allows for their better digestion and utilisation in the animal’s body
(Trckova et al., 2009).

Growth of Lactobacillus was observed in animals receiving kaolin clay in the
Li and Kim (2013) study; they also reported a reduced number of E. coli strains in
the faeces of piglets receiving aluminosilicates. Similar observations were made by
Trckova et al. (2009). Alvarez et al. (2008) conducted an experiment investigating
the in vitro antibacterial activity of flavonoids, of which chokeberry is an extremely
valuable resource. The obtained results showed the bactericidal action of these com-
pounds against pathogens such as E. coli and Staphylococcus aureus. Dried pomace
of chokeberry may be helpful through having a positive impact on the health status
of the digestive tract by creating friendly environmental conditions for the popula-
tion of commensal bacteria.
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Fructooligosaccharides are attributed to having strong prebiotic properties (Mac-
farlane et al., 2006; Li and Kim, 2013). However, in vivo studies have given contra-
dictory information about its ability to improve the intestinal microflora. There was
no difference in the number of commensal organisms (Bifidobacteria, Lactobacillus
and Enterobacteriaceae) present in the faeces and gastrointestinal tract of animals
receiving fructooligosaccharides in the Mikkelsen et al. (2003) study. However, Li
and Kim (2013) reported different results, observing an increase of the population of
microorganisms of the Lactobacillus in the faeces. A similar effect was observed in
the small intestine and colon of the animals receiving a solution containing 5 g/L FOS
in the experiment conducted by Oli et al. (1998). Modesto et al. (2009) showed that
the fructooligosaccharides derived from beetroot administered to piglets at 40 g/kg
raised Bifidobacteria populations, however without an effect on weight gains of the
animals. In the experiment conducted by Mountzouris et al. (2006), FOS did not alter
the desired number of intestinal bacteria. Although many studies describe the impact
of non-digestible oligosaccharides to improve the composition of biocenosis in the
intestine, there is no conclusive evidence of the positive effect of fructooligosac-
charides on a significant increase in the population of commensal microorganisms.
The authors’ own experiment also seems to confirm this fact. Neither the ability of
applied feed additives to reduce the population of pathogenic bacteria nor the growth
of commensal bacteria has been demonstrated. The cause of varied results obtained
in different experiments may be the fact that the fructooligosaccharides used came
from different sources with varying composition. As reported by more recent studies,
the best prebiotic effect of FOS is exerted by those that increase the degree of po-
lymerization as it can be better used by the commensal bacteria (Perrin et al., 2002;
Biedrzycka and Bielecka, 2004).

Conclusions

In conclusion, both additive A (kaolin clay) and additive B (kaolin clay enriched
with dried pomace of chokeberry and fructooligosaccharides) reduced the inflamma-
tory changes, which was reflected in WBC level at 25 d of age. The use of kaolin clay
and clay with fructooligosaccharides and dried pomace of chokeberry significantly
improves the haematological indicators of blood associated with anaemia (high re-
ticulocytes count in the control group at 70 d of age and higher MCH and MCHC
parameters in group A at 25 d of age), caused by iron deficiency in young piglets. The
obtained results confirm the ability of the additives A and B to eliminate Salmonella,
Shigella and C. perfringens in the jejunum. In the case of using both additives A and
B, an increase in bacteria from the E. coli group was noted.

References

Abdel-Wahhab M.A,Nada S.A, Amra H.A. (1999). Effect of aluminosilicates and bentonite
on aflatoxin-induced developmental toxicity in rat. J. Appl. Toxicol., 19: 199-204.

Al-Ani T, Sarapdd O, Lehtinen M.J. (2006). Mineralogical and chemical study of some
kaolin samples from the Kahdeksaisiensuo and Hyvéjarvi occurrences, Virtasalmi, SE Finland. Geo-
logical Survey of Finland, Report M19/3232/2006/1/822010, Espoo, p. 4.



1032 D. Bederska-Lojewska and M. Pieszka

Alexopoulos C., Papaioannou D.S,, Fortomaris P, Kyriakis C.S. Tserveni-
-Goussi A,Yannakopoulos A, Kyriakis S.C. (2007). Experimental study on the ef-
fect of in feed administration of a clinoptilolite-rich tuff on certain biochemical and hematological
parameters of growing and fattening pigs. Livest. Sci., 111: 230-241.

Alvarez MA,Debattista N.B.,,Pappano N.B.(2008). Antimicrobial activity and syngergism
of some substituted flavonoids. Folia Microbiol., 53: 23-28.

Bederska-Lojewska D, Pieszka M.,Szczurek P. (2016). Gastroprotective effect of feed
additives containing kaolin clay in piglets. J. Anim. Sci., 94: 369-372.

Biedrzycka E.,,Bielecka M. (2004). Prebiotic effectiveness of fructans of different degrees of
polymerization. Trends Food Sci. Technol., 15: 170-175.

Cabezas MJ,,Salvador D, Sinisterra J.V. (1991). Stabilization-activation of pancreatic en-
zymes adsorbed on to a sepiolite clay. J. Chem. Technol. Biotechnol., 52: 265-274.

Dominy NJ,Davoust E, Minekus M. (2004). Adaptive function of soil consumption: an in
vitro study modeling the human stomach and small intestine. J. Exp. Biol., 207: 319-324.

Dong G.Z.,Pluske J.R. (2007). The low feed intake in newly-weaned pigs: problems and possible
solutions. Asian-Australas. J. Anim. Sci., 20: 440-452.

Estrada A,,Drew M.D,Van Kessel A.(2001). Effect of the dietary supplementation of fruc-
tooligosaccharides and Bifidobacterium longum to early-weaned pigs on performance and fecal bac-
teria populations. Can. J. Anim. Sci., 81: 141-148.

Gilardi J, Duffey S.S.,, Munn C.A, Tell L.A. (1999). Biochemical functions of geophagy
in parrots: detoxification of dietary toxins and cytoprotective effects. J. Chem. Ecol., 4: 897-922.

Grecco HAT, Amorim AB., Saleh M.AD.,, Tse M.LP, Telles F.G., Miassi G.M.,
Pimenta GM., Berto D.A. (2018). Evaluation of growth performance and gastro-intestinal
parameters on the response of weaned piglets to dietary organic acids. An. Acad. Bras. Cienc., 90:
401-414.

Hassen A.,,Jamoussi F, Saidi N.,, Mabrouki Z., Fakhfakh E. (2003). Microbial and
cooper adsorption by smectitic clay — an experimental study. Environ. Technol., 24: 1117-1127.
Houdijk JGM, Verstegen MMW.A.,Bosch M.W,,van Laere K.J.M. (2002). Dietary fruc-
tooligosaccharides and transgalactooligosaccharides can affect fermentation characteristics in gut

contents and portal plasma of growing pigs. Livest. Prod. Sci., 73: 175-184.

Knezevi¢ D.L., Tadi¢ V. (1994). Decontamination with clay or alcoholate of pigs percutaneously
poisoned with VX and soman. Vojnosanit. Pregl., 51: 488-491.

LiJ,Kim LH. (2013). Effects of levan-type fructan supplementation on growth performance, digest-
ibility, blood profile, fecal microbiota, and immune responses after lipopolysaccharide challenge in
growing pigs. J. Anim. Sci., 91: 5336-5343.

Macfarlane S.,Macfarlane G.T., Cummings J.H. (2006). Review article: prebiotics in the
gastrointestinal tract. Aliment. Pharm. Ther., 24: 701-714.

Magnoli AP, Tallone L., Rosa CAR., Dalcero AM. Chlacchiera SM,, San-
chez R.M.T. (2008). Commercial bentonites as detoxifier of broiler feed contaminated with afla-
toxin. Appl. Clay Sci., 40: 63-71.

Merck Manual (2018). Hematologic Reference Ranges (https://www.merckvetmanual.com/special-sub-
jects/reference-guides/hematologic-reference-ranges#v3362734).

Mikkelsen L.L.,Jakobsen M., Jensen B.B. (2003). Effects of dietary oligosaccharides on
microbial diversity and fructo-oligosaccharide degrading bacteria in faeces of piglets postweaning.
Anim. Feed Sci. Technol., 109: 133-150.

Modesto M., D’Aimmo M.R, Stefanini I, Trevisi P, De Filippi S, Casini L.,
Mazzoni M.,,Bosi P,Biavati B. (2009). A novel strategy to select Bifidobacterium strains
and prebiotics as natural growth promoters in newly weaned pigs. Livest. Sci., 122: 248-258.

Morita M, Takeda N.,,Kubo T., Matsunaga T. (1988). Pica as an index of motion sickness
in rats. Journal for Oto-Rhino-Laryngol. Head Neck Surg., 3: 188—192.

Mountzouris K.C,, Balaskas C., Fava F, Tuohy KM, Gibson G.R.,, Fegeros K.
(2006). Profiling of composition and metabolic activities of the colonic microflora of growing pigs
fed diets supplemented with prebiotic oligosaccharides. Anaerobe, 12: 178—185.

Nutrient Requirements of Pigs (1993). Nutritive Value of Feedstuffs (in Polish). The Kielanowski Insti-
tute of Animal Physiology and Nutrition, Polish Academy of Sciences, Jabtonna, Poland.



Effect of dietary kaolin clay on piglet health and microbiota 1033

Oli NW,, Petschow B.W., Buddington R.K. (1998). Evaluation of fructo-oligosaccharides
supplementation of oral electrolyte solutions for treatment of diarrhea. Digest. Dis. Sci., 43:
139-147.

Panichev AM., Golokhvast K.S.,,Gulkov AIN.,Chekryzhov LY. (2013). Geophagy in
animals and geology of kudurs (mineral licks): a review of Russian publications. Environ. Geochem.
Health, 35: 133-152.

Papaioannou D.,Katsoulos PD,Panousis N,,Karatzias H.(2005). The role of natural
and synthetic zeolites as feed additives on the prevention and/or the treatment of certain farm animal
diseases: A review. Micropor. Mesopor. Mat., 84: 161-170.

Parisini P,Martelli G,Sardi L.,Escribano F. (1999). Protein and energy retention in pigs
fed diets containing sepiolite. Anim. Feed Sci. Technol., 79: 155-162.

Patterson E.C, Staszak D.J. (1977). Effects of geophagia (kaolin ingestion) on the maternal
blood and embryonic development in the pregnant rat. J. Nutr., 107: 2020-2025.

Perrin S.,Fougnies C,Grill J.P,Jacobs H.,Schneider F. (2002). Fermentation of chic-
ory fructo-oligosaccharides in mixtures of different degrees of polymerization by three strains of
bifidobacteria. Can. J. Microbiol., 8: 759-763.

Phillips I.,Casewell M,,Cox T, DeGroot B,,Friis C,Jones R,Nightingale C.,
Preston R, Waddell J. (2004). Does the use of antibiotics in food animals pose a risk to hu-
man health? A critical review of published data. J. Antimicrob. Chem., 53: 28-52.

Pieszka M, Pietras M.P, Migdat W., Barowicz T. (2010). Effect of dried fruit and veg-
etable pomaces supplement to diet for pigs on fattening and slaughter traits and the meat quality.
Zesz. Probl. Post. Nauk Rol., 544: 79-88.

Pilaczynska-Szczesniak L., Skarpanska-Steinborn A, Deskur E.,, Basta P,
Horoszkiewicz-Hassan M. (2005). The influence of chokeberry juice supplementation
on the reduction of oxidative stress resulting from an incremental rowing ergometer exercise. Int.
J. Sport Nutr. Exerc. Metab., 15: 48-58.

Pluske J.R.(2013). Feed- and feed additives-related aspects of gut health and development in wean-
ling pigs. J. Anim. Sci. Biotechnol., 4: 1-7.

Rahman M. (2016). Normal hematological and biochemical references of swine species. (https://
www.researchgate.net/publication/307859127 Normal hematological and biochemical refer-
ences_of Swine species)

Samoticha J, Wojdyto A, Lech K. (2016). The influence of different the drying methods on
chemical composition and antioxidant activity in chokeberries. Food Sci. Technol., 66: 484-489.

Schneider AF,Zimmermann O.F,Gewehr C.E. (2017). Zeolites in poultry and swine pro-
duction. Ciéncia Rural, 47: 1-8.

Skrzypek T, Valvedre-Piedra JL., Skrzypek H., Kazimierczak W, Szyman-
czyk SE.,Zabielski R.(2010). Changes in pig small intestinal absorptive area during the first
14 days life. Livest. Sci., 133: 53-56.

Soéjka M.,Kotodziejczyk K.,Milala J.(2013). Polyphenolic and basic chemical composition
of black chokeberry industrial by-products. Ind. Crops Prod., 51: 77— 86.

Tortuero F,Rioperez J., (1993). Effects of low levels of dietary magnesium silicate supplemen-
tation on the performance and carcass characteristics of pigs from 24 to 68 kg body weight. Can.
J. Anim. Sci., 73: 665-667.

Trckova M, Vondruskova H., Zraly Z,Alexa P, Hamrik J, Kummer V, Mas-
kovalJ,Mrlik V,Krizova K,Slana I,Leva L,Pavlik I.(2009). The effect of kaolin
feeding on efficiency, health status and course of diarrhoeal infections caused by enterotoxigenic
Escherichia coli strains in weaned piglets. Vet. Med., 54: 47-63.

Wiles M.C.,, Huebner HJ., Afriyie-Gyawu E., Taylor RJ, Bratton G.R, Phil-
lips T.D. (2004). Toxicological evaluation and metal bioavailability in pregnant rats following
exposure to clay minerals in the diet. J. Toxicol. Env. Health, 67: 863-874.

Winnicka A. (2002). Reference values for basic laboratory tests in veterinary medicine (in Polish).
SGGW, Warszawa.

Xia M.S,, Hu C.H., Xu Z.R. (2005). Effects of copper bearing montmorillonite on the growth per-
formance, intestinal microflora and morphology of weanling pigs. Anim. Feed Sci. Technol., 118:
307-317.



1034 D. Bederska-Lojewska and M. Pieszka

Yu DY, Li X.L., Li W.F. (2008). Effect of montmorillonite superfine composite on growth perfor-
mance and tissue lead level in pigs. Biol. Trace Element. Res., 125: 229-235.

Received: 16 X 2018
Accepted: 18 IV 2019



