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Fiber is an important component of feed. It affects
feed consumption, digestion and absorption of nutrients
(20). It also can change the composition of the alimen-
tary tract microflora (8) and gut morphology (12). Solu-
bility is an important feature of fiber: soluble fibers
elongate the time of the digestive passage through the
alimentary tract and lower nutrients absorption, while
insoluble ones shorten the passage time (15). Hede-
mann et al. (7) in their experiment on young pigs
found that insoluble fiber improved gut morphology
by increasing villi length and increased mucosal en-
zyme activity when compared with pigs fed soluble
fiber (pectin) containing diets. Their results also sug-
gest that pigs fed high insoluble fiber diets might be
better protected against pathogenic bacteria than pigs
fed diets rich in soluble fiber. Weaning of piglets is
frequently accompanied by diarrhea which is usually
due to bacteria proliferating in the alimentary tract,
mainly Escherichia coli. According to McDonald et
al. (13) and Hopwood et al. (8) soluble fiber supports
bacteria development while according to Bertschin-
ger and Eggenberger (2) insoluble fiber has an anti-

bacterial effect. Insoluble fiber is decomposed by bac-
teria in distant parts of the alimentary tract and short
chain fatty acids are produced (10). A greater produc-
tion of these acids can have health related effects (21),
but the main insoluble fiber � cellulose is less digesti-
ble for piglets than for adult pigs (15).

The aim of the study was to determine the effects on
the health condition, rearing results and some features
of the alimentary tract of piglets whose feed had been
supplemented with pure cellulose.

Material and methods
The experiment was performed on 207 piglets origina-

ted from 20 sows (Polish Landrace × Large White Polish),
mated with Pietrain × Hampshire boar. After farrowing,
piglets were allocated to the experimental groups. Each
experimental group consisted of 5 litters i.e. 50-54 piglets.
Feed mixtures were available ad libitum for all piglets from
day 7 of age. At day 35 all piglets were weaned, every litter
was kept in a separate straw bedded pen and fed restricted
amounts of feed mixture. Because of the experimental con-
ditions they were fed the same feed mixture for the whole

Pure cellulose as a feed supplement for piglets
EWA HANCZAKOWSKA, MA£GORZATA �WI¥TKIEWICZ, ANNA BIA£ECKA*

Department of Animal Nutrition and Feed Science, National Research Institute of Animal Production,
ul. Krakowska 1, 32-083 Balice, Poland

*Centrum Badañ Mikrobiologicznych i Autoszczepionek, ul. S³awkowska 17, 31-016 Kraków, Poland

Hanczakowska E., �wi¹tkiewicz M., Bia³ecka A.
Pure cellulose as a feed supplement for piglets

Summary
The effects of supplementing piglets� feed with pure cellulose on their health condition, rearing results and

some features of the alimentary tract was determined on 207 piglets allocated to 4 experimental groups. All
piglets were fed the same feed mixture which was supplemented with different amounts of cellulose. Groups I,
II, III, IV received mixtures with 0, 1.5 or 2.0% of cellulose, respectively. Feed mixtures were available ad
libitum since day 7 of age. At day 35 the piglets were weaned and fed restricted amounts of feed. Between days
52 and 58, 4 piglets from each group were slaughtered and fragments of the small intestine were extracted for
morphological measurements. Microbiological tests were made on small intestine and caecum digesta and the
content of volatile fatty acids was estimated. The experiment was completed on day 84 of the piglets� life. It
was found that cellulose improved piglets� health and performance indices. There were 25 cases of diarrhea
noted in the control group and only 8 cases in the group receiving 2% of cellulose. Body weight gains in these
groups during the whole experiment were 256 and 274 g per day, respectively. The lowest number of E. coli
and Clostiridium was observed in the digesta of the small intestine and caecum of piglets receiving the highest
supplement of pure cellulose. The total amount of all estimated volatile fatty acids was lower in the control
group when compared with the experimental ones. The ratio of the villus height/crypt depth was 0.842 in
control animals and 1.119 in groups III and IV. It was concluded that even a small amount (1.5-2.0%) of
insoluble fiber in piglets� feed can improve their health and performance, which may be due to changes in the
gut morphology, digesta acidity and lower number of harmful bacteria present in the intestine.

Keywords: piglets, nutrition, cellulose, intestine morphology, microflora



Medycyna Wet. 2008, 64 (1)46

rearing period, but its daily amounts were related to the
piglets� body weight. The experiment lasted until day 84
and the individual body weight of piglets was recorded at
day 1, 35, 56 and 84. The piglets� condition was observed,
feed intake of each litter was measured and feed utilization
was calculated. The animals had free access to water.

The piglets were fed with a standard mixture (tab. 1)
with no supplement in group I (control) or supplemented
with different amount of cellulose: 0.5, 1.5 and 2.0% in
group II, III and IV, respectively. The source of cellulose

was a commercial preparation Vitacel R 200 � a concentra-
te of pure cellulose made from coniferous trees.

The content of nutrients in the feed mixture was deter-
mined according to AOAC (1) methods. Fiber fractions
were estimated according to Goering and van Soest (6).

Between the 52nd and 58th day of age 16 piglets (4 from
each treatment) were slaughtered and a fragment of their
small intestine extracted to determine the height and width
of villi and measure the crypts. The extracted material was
fastened to polystyrene plates and fixed in 10% buffered
solution of formalin. Lengthwise strips, two for each
specimen were taken. They were transformed using the
Shandon company tissue processes and embedded in
paraffin. Sections of 3 mm were made from the paraffin
blocks and dyed using the hematoxylin-eosin method. Only
the villi with uniform fibro vascular stroma were used in
the measurement i.e. they were cut along the lengthwise
axis. For each villi 3 longitudinal and 3 transversal measu-
rements were made using the AnalySIS computer system.
Activation of the images was made with Zeiss Anxioscop
microscope and CCD ZVS-47DE camera. Microbiological
tests were carried out on the caecum and small intestine
digesta. The presence of aerobic bacteria, especially Esche-
richia coli and anaerobic ones, and, Clostridium sp. in
particular, were determined. The presence of yeasts and
moulds was also estimated. The tests were made using agar
medium by bioMerieux. Volatile fatty acids content of
ceacum contents was estimated using the VARIAN 3400
gas chromatograph.

The obtained data were analyzed statistically by analy-
sis of variance, and significance of differences was exami-
ned using the Duncan�s test (Statistica Software, 1995).

Results and discussion
The piglets rearing results (tab. 2) indicate that

cellulose supplementation improved piglet health and
rearing performance. This supplement resulted in
lower diarrhea incidences and a lower mortality rate.
The higher the supplement of cellulose received, the
better the piglets� health. While 6 piglets from the con-
trol group died or had to be withdraw from the experi-
ment, only one piglet was withdrawn from the group
receiving 2% of cellulose. Incidences of diarrhea were
noted in 25 and 8 piglets, respectively. Unfortunately,
not much data on the effect of cellulose on piglet�s
health and performance is available. It may be suppo-
sed that this positive effect was due to changes in bac-
terial flora present in the piglets� alimentary tract. Such
a health-related effect of fiber was found by Vander-
hoof et al. (17) in cases of acute diarrhea in infants.
Also Correa-Matos et al. (4) found beneficial effects
of fermentable fiber (soy polysaccharides) in piglets
infected with Salmonella typhimurium. Generally it can
be stated that bacterial degradation of dietary fiber to
short chain fatty acids (SCFA) is essential in main-
taining small bowel and colonic mucosal structure and
function (3).

Bacteria colonizing the gastro-intestinal tract of
newly born piglets include mainly Lactobacilli, Esche-
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Tab. 1. Composition and nutritive value of feed mixture

Explanations: * � premix composition: vitamin: A � 2 700 000 IU;
D3 � 400 000 IU; E � 8.0 g; K3 � 0.5 g ; B

1
 � 0.5 g; B

2
 � 0.8 g; B

6
� 0.8 g; B 

12
 � 0.008 g; pantothenic acid � 2.8 g; choline cloride �

70 g; folic acid � 0.2 g; nicotinic acid � 5.0; magnesium � 10 g;
manganese � 12 g; iodine � 0.1 g; zinc � 30 g; iron � 20 g; copper
� 32 g; cobalt � 0.06 g; selenium � 0,04 g; complete limestone to
1000 g
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richia coli, Streptococci and Clostri-
dia (14). E. coli and Clostridia were
also found in this experiment. Accor-
ding to Montagne et al. (15) diets con-
taining less fiber � thereby limiting
the amount of fermentable substrate
result in less accumulation of such
substrate in the small intestine � the
primary site of the pathogenic E. coli
proliferation. In this experiment no
such proliferation was found though
the number of bacteria had changed
(tab. 3). Mainly anaerobic ones were
found. In small intestine the number
of Clostridium in 1 g of digesta fell
from 1.82 in the control to 0.52 in
group IV. The corresponding numbers
in the caecum content were 2.90 and
1.67. This is partly in accordance with
the finding of Owusu-Asiedu et al.
(16) where a soluble fiber (guar gum)
rather than insoluble ones (cellulose)
increased ileal Clostridia.

Differences in the number of bac-
teria present in the alimentary tract
of piglets were not consistent with
changes in the acidity of digesta. The
content of almost all the analyzed
acids in the caecum of piglets from
all groups was similar, though the
total of all estimated acids was lowest
in the control group (tab. 4). Signifi-
cant differences were found only in
acetic acid content between group III
and the control. Small differences in
volatile fatty acids content are reflec-
ted in similar pH values. There was
a significant difference only between
group I (pH 5.21) and group II (pH
5.61). The digesta in caecum of pig-
lets receiving the smallest dose of cel-
lulose was even less acidic than that
of the control animals. Högberg (9)
found a lower pH in the small and
large intestines of pigs receiving high
non-starch polysaccharides diets but
she used cereal fiber, not pure cellu-
lose. The low content of short-chain
fatty acids and relatively high pH in the caecum of
growing-finishing pigs fed with preparations of cellu-
lose when compared to those fed with guar gum was
found by Furga³-Dier¿uk (5). Decreased caecal pH after
giving pure cellulose was, however, found in rats (11).
As far as the small differences in acidity of the small
intestine and its bacteria content in our trial, other fac-
tors were most probably the reason for health-related
effects of cellulose. One such factor could be the
morphology of the small intestine.

It is known that dietary fiber which increases the
villus height/crypt depth ratio might increase the
absorptive capacity of the small intestinal epithelium
(15). Such a difference in this parameter was found in
this experiment: it rose from 0.842 in the control
group to 1.12 in groups III and IV (tab. 5). According
to Vente-Spreeuwenberg et al. (18) villus height
decreases after weaning, which could be a result of
lowered feed intake (19). Since the digestive enzymes�
activity increase markedly from the bottom of the crypt
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Tab. 2. Indices of sows� reproductive performance and piglets� rearing

Explanations: a, b � mean values in the same row with different letters differ signifi-
cantly at P £ 0.05
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to the tip of the villus, a longer villus may enable
better feed utilization. It promotes higher body weight
gains, which were noted in this experiment. Hedemann
et al. (7), who used higher doses of fiber (up to 145 g
per kg of feed) than those used in this experiment,
also found improved gut morphology and increased
mucosal enzyme activity, which suggested that piglets
fed high insoluble fiber diets might be better protected
against pathogenic bacteria.

Summing up the obtained results, it can be
stated that even a small amount (1.5-2.0%) of
insoluble fiber in piglet diets can improve the-
ir health and performance. This may be due to
the combined result of changes in gut morpho-
logy, digesta acidity and the lower number of
harmful bacteria present in the intestine.
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Tab. 3. Intestine digesta microbiology (Log 
10

 CFU/1g chyme)

Explanations: a, b, c � mean values in the same row with different letters
differ significantly at P £ 0.05

Tab. 4. Acidity and content of volatile fatty acids (µmol/1 g) in piglets�
caecum chyme
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Explanations: as in tab. 3.

Tab. 5. Small intestine morphological characteristics
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