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Animal nutrition is a vital environmental factor, 
a primary determinant of animal health and perfor-
mance. Through the diversity of feed nutrients, it is 
possible to influence animal metabolism and the qual-
ity of products of animal origin (milk, eggs, meat). 
Besides nutrients, feed supplements such as organic 
acids, probiotics and prebiotics, mainly oligosaccha-
rides have been noted to be of primary importance 
in feeding strategy optimization. Inulin and inulin-
producing plants are successfully used in animal and 
human diets (5). This polysaccharide is common for 
its prebiotic characteristics. Inulin fermentation in the 
large intestine reduces the intestinal pH and intensifies 
short-chain fatty acid production, which, in turn, can 
change the gastrointestinal tract morphology and boost 
nutrient absorption (3, 9).

Studies conducted by Rehman et al. (8) on broiler 
chickens have indicated a positive effect of a 1% 
inulin additive on the jejunal villus height (P ≤ 0.05) 

and crypt depth (P ≤ 0.01). The additive, however, 
did not change the villus height to crypt depth ratio. 
Loh et al. (5) showed that inulin-supplemented feed 
for pigs modified the short-chain fatty acid content in 
the swine colon.

Dietary inclusion of inulin into human and animal 
diets has gained growing interest. However, as there 
is scarce knowledge on the changes it causes in colon 
morphology and in the short-chain fatty acid (SCFA) 
concentration in the large intestine of fatteners, this 
study aims to investigate these mechanisms in response 
to dietary supplementation with inulin obtained from 
water or water-alcohol extraction from chicory roots 
or additives of dried Jerusalem artichoke tubers or 
chicory roots. Furthermore, this study concerns the 
effect of inulin on the content of selected short-chain 
fatty acids in the cecum and jejunum.

Material and methods
The experiment was carried out on 120 crossbred growers 

(PL × PLW) × Duroc weighing initially 30.0 ± 0.5 kg, which 
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Fructooligosaccharide additives to pig diets may enhance the proportion of short-chain organic acid in 
the distal digestive tract and the more efficient use of some nutrients by changing the structure and activity 
of intestinal villi. The objective of the study was to determine the effect of inulin or inulin-containing plant 
powder on volatile fatty acid levels in the cecal digesta and the final portion of the large intestine, as well as the 
assessment of changes in the intestine histology. The study involved 120 growers of 30.0 ± 0.5 kg body weight 
(BW) allocated into 5 treatment groups. The animals were fed ad libitum with complete diets for growers  
(30-70 kg) and finishers (71-115 kg). At slaughter, the content samples and specimens of the cecum and colon 
were taken for laboratory evaluation. More significant differences were reported for volatile fatty acid content 
in the cecum as compared to the distal colon. The dietary supplementation of inulin was found to increase 
the jejunal villus height (water-alcohol extraction) and thickness of muscularis externa (water extraction). 
The addition of inulin or dried plants containing inulin induced changes in short chain fatty acids (SCFA) 
concentration, mainly through propionic acid concentration.
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were assigned to 5 treatment groups (Tab. 1). 
The experimental factor was the application of 
inulin from various origins – extracted by water 
or water-alcohol from chicory roots (11) and 
dried Jerusalem artichoke tubers or chicory root 
powder. The diets were isocaloric and isopro-
tein. The animals were pen-housed, 4 animals 
in each pen. Fatteners were fed ad libitum with 
complete diets, i.e. grower (30-70 kg) and fin-
isher (71-115 kg). The feed mixtures comprised 
grain meal (wheat and barley), soybean meal, 
soybean oil, and mineral feeds (chalk, primary 
calcium phosphate, fodder chalk). The diets 
were balanced for metabolizable energy, pro-
tein, amino acids, minerals, and vitamins (2). The animals 
had free access to drinkers and feeders (ad libitum feeding 
system).The zootechnical conditions, such as air tempera-
ture, relative humidity, and cooling, were the same for all 
the treatment groups.

The pigs were slaughtered at about 115 kg BW. The 
slaughter was conducted in accordance with the technol-
ogy currently employed in the meat industry by the use of 
electrical stunning. Digesta samples from the cecum and 
distal colon as well as specimens of the jejunum were taken 
for histological evaluation.

Volatile fatty acid concentration in the cecum and distal 
colon was determined according to the method of Ziołecki 
and Kwiatkowska (14). The following modifications were 
introduced: digesta samples (5 g) were taken into pre-
weighed and pre-tared 50 ml test tubes, mixed with 8 ml 
ultrapure water and pH measured using the Testo 205 
portable pH meter. VFAs were converted to their respec-
tive sodium salts by adjusting pH to approx. 8.2 with 1 M 
NaOH use. The samples were stored at –20°C temperature 
and prior to analysis they were thawed at room temperature. 
Subsequently, the samples were centrifuged (10 min, 4000 
rot/min), supernatant liquid collected and dispensed in ca. 
1.2 ml volume using Eppendorf pipettes and finally, refrozen 
(–20°C) for further analyses. Supernatant was transferred 
into chromatographic vials and mixed with isocaproic acid 
(internal standard: IS) at a ratio of 30 ml of IS to 200 ml 
of supernatant. The samples were analyzed in duplicate 
using a HP 5890 Series II gas chromatograph (Hewlett-
Packard, Waldbronn, Germany) with a flame ionization 
detector (FID) and Supelco Nukol fused silica capillary 
column (30 m × 0.25 mm i.d; 0.25 mm). Helium was used 
as a carrier gas at 103 ml/min flow rate. The oven was ini-
tially kept at 100°C for 2 
min then heated at 10°C/
min to 140°C and held for 
20 min. The injector tem-
perature was maintained 
at 220°C, while the detec-
tor at 250°C. The total run 
time was approximately 27 
min. The concentration of 
each VFA was estimated in 
relation to IS using a mix-
ture of VFA standard solu-
tions.

The small intestine specimens were placed in Bouin’s 
solution (a mixture of picric acid, formalin and glacial acetic 
acid at the 30 : 15 : 1 ratio. Afterwards they were dehydrated, 
paraffin-embedded and sectioned at 5 um using a micro-
tome. Two slides were prepared from each sample; each 
slide contained a minimum of 3 sections that were stained 
with haematoxylin and eosin. Villus height, crypt depth and 
muscularis externa thickness (15 measurements per slide) 
were determined by a light microscope with a camera Olym-
pus BX51 and image Olympus analysis program.

The obtained results were analyzed statistically using 
Statistica software (2003).The basic statistical measures: 
mean, SEM and p-value were calculated. One way analysis 
ANOVA was performed, whereas significance of differences 
between the mean values was determined with Tukey’s test 
at P ≤ 0.05.

Results and discussion
Concentration of short-chain organic acids in the 

cecal digesta is presented in Table 2. No significant 
differences (P ≤ 0.05) in the acetic acid content between 
the groups were noted. A dietary additive of powder 
chicory roots or Jerusalem artichoke has contributed to 
an increase of other organic acid contents. A propionic 
acid level in group V was the highest (P ≤ 0.05), while 
the lowest was recorded in the control. The amount of 
isobutyric and isovaleric acid was also significantly 
higher in group V and IV compared to group I and II. 
Similar results were determined for butyric and valeric 
acid.

Markedly different dependencies were established 
for a content of chosen fatty acids in the colon digesta 

Tab. 1. Experimental design (inulin or dried plants in g kg–1 of mixtures)

Feed
Feeding groups

I II III IV V

Corn 40.0 20.0 20.0 – –

Inulin (water extraction)1 – 20.0 – – –

Inulin (water-alcohol extraction)2 – – 20.0 – –

Jerusalem artichoke3 (Helianthus tuberosus) – – – 40.0 –

Chicory4 (Cichorium intybus var. sativum) – – – – 40.0

Explanations: 1 Content: Inulin (~92%), Glucose/Fructose/Sucrose (~8%);  
2 Content: Inulin (~89%), Glucose/Fructose/Sucrose (~8%), other sugar (~1%), 
polyphenols (~2%); 3 Content: Inulin (49%); 4 Content: Inulin (52%)

Tab. 2. The content of volatile fatty acids in µM g–1 of the cecum digesta

SCVA (µM g–1 of  
the cecum digesta)

Feeding groups
Means SEM

I II III IV V

Acetic acid 49.8 49.6 50.2 49.4 56.3 51.1 7.42

Propionic acid 14.5c 16.5b 15.5bc 17.1ab 18.4a 16.4 1.43

Isobutyric acid  0.53b  0.52b  0.61ab  0.78a  0.73a  0.63 0.16

Butyric acid  9.81b 10.11b 10.36b 13.48a 14.14a 11.58 2.68

Isovaleric acid  0.55b  0.54b  0.68ab  0.95a  0.90a  0.72 0.28

Valeric acid  0.79b  0.86b  0.79b  1.29a  1.18a  0.98 0.26

Explanations: a, b, c – values with different letters in the same row differ significantly at P ≤ 0.05



Med. Weter. 2015, 71 (7), 432-435434

(Tab. 3). A chicory roots 
additive (group V) acted 
as a trigger increasing 
concentration of acetic, 
propionic and butyric 
acid. However, no sig-
nificant changes in the 
isobutyric, isovaleric and 
valeric acid content were 
noticed as a result of the 
supplements inclusion.

The results of micro- 
scopy performed on the 
jejunum fragments (vil- 
lus height, crypt depth, 
muscularis externa) are 
summarized in Table 4. 
The greatest length of 
intestinal villi measured 
(P ≤ 0.05) was estab-
lished in the fatteners 
from group III (water-
alcohol inulin extract). 
The fatteners from group 
II (inulin extracted by water) had the thickest muscu-
laris externa. No significant changes in crypt depth or 
the ratio of jejunal villus height to crypt depth were 
determined.

In view of the withdrawal of antibiotic growth pro-
moters, alternative feed supplements with a potential 
to improve animal health and performance (ADG, 
FCR) have been sought after. Some authors (4, 7, 10) 
indicate that the inclusion of fructan oligosaccharides 
to pig diets improves the growth of the beneficial gas-
trointestinal microflora (microbiota). It is known that 
different degrees of polymerization of the oligosaccha-
rides affect the activity of microorganisms in different 
ways in the large intestine of monogastric animals (13). 
Microorganisms through the enhanced production of 
short-chain organic acids promote more efficient feed 
conversion and better animal health (1). In the pres-
ent study, the highest total content of some SCFAs in 
the cecum was established in group V (91.7 uM g–1) 
and IV (83.1 uM g–1), fed the diets supplemented with 
dried inulin-producing material (chicory or Jerusalem 
artichoke). Conversely, the dietary addition of inulin 
extracted from chicory roots (group II and III) exerted 
a slightly lower effect. Importantly, considerable influ-
ence of inulin supplement (15 g kg–1 feed) on SCFA 
concentration in the cecum was reported by Pierce et 
al. (7). The authors highlighted a significantly elevated 
propionic acid level in the cecum, which was also con-
firmed in the present authors’ study, but the greatest 
increase was noted in the fatteners receiving chicory 
root powder. Pierce et al., (7) concluded that inulin 
addition reduced the concentration of isobutyric and 
isovaleric acid. However, this finding has not been 
proven in the present research, as the content of these 

acids either did not depend on the supplements intro-
duced (colon) or the addition of Jerusalem artichoke 
and chicory root powder increased their concentration 
in the cecum. Therefore, it can be assumed that the 
higher SCFA content in the colon can be attributed 
not only to inulin but also to other components of 
dietary fiber found in dried chicory roots or Jerusalem 
artichoke.

Dietary inulin supplement tended to increase intes-
tinal villus height (inulin water-alcohol extract) or 
muscularis externa thickness (inulin water extract). 
That implies a positive effect of this probiotic on the 
intestinal mucosa. At any rate, there were no significant 
changes in crypt depth and the ratio of villus height to 
crypt depth reported. Similar findings on jejunal villus 
length were made by Pierce et al. (7), who studied 
weanling pigs after lactose and inulin dietary supple-
mentation, as well as by Walsh et al. (12), examining 
growers fed other polysaccharides (fucoidan, lami-
narin) supplemented diets. An inulin additive (0.5% 
or 1%) to slaughter chicken feed induced the villus 
lengthening and crypt deepening in the jejunum as 
compared to the control, yet the differences were not 
significant statistically (6). Inclusion of chicory root 
meal (80 g kg–1) to growing pig diet caused the villus 
lengthening in the colon (4).

Consequently, the addition of inulin or dried mate-
rial containing inulin can induce changes in the SCFA 
concentration to a large extent; especially the propionic 
acid content in the cecum and colon. A different effect 
of inulin activity in the cecum and colon is likely to 
arise from the structure and physiology of the pig diges-
tive system. That is where most of polysaccharide is 
used in the initial segment of the large intestine and the 

Tab. 3. The content of volatile fatty acids in µM g–1 of the colon digesta

SCVA (µM g–1 of  
the colon digesta)

Feeding groups
Means SEM

I II III IV V

Acetic acid 45.9b 45.1b 48.0ab 45.9b 52.1a 47.4 3.57

Propionic acid 17.1b 18.1ab 18.1ab 18.3ab 19.9a 18.3 1.49

Isobutyric acid 1.14 1.20 1.27 1.21 1.38 1.24 0.21

Butyric acid 13.9b 11.3b 14.2b 14.1b 17.2a 14.1 2.14

Isovaleric acid 1.57 1.66 1.86 1.69 1.88 1.73 0.37

Valeric acid 1.25 1.29 1.46 1.55 1.61 1.43 0.29

Explanations: a, b – values with different letters in the same row differ significantly at P ≤ 0.05

Tab. 4. Effects of dietary treatments on villus height, crypt depth, and villus height to crypt 
depth ratio in the jejunum of fatteners

Item
Feeding groups

Means SEM
I II III IV V

Villus height, µm 315.3b 323.8ab 359.5a 293.7b 318.2b 322.1 33.9

Crypt depth, µm 314.8 309.6 310.1 263.4 276.1 294.8 25.3

Villus height/Crypt depth 1.01 1.05 1.20 1.11 1.15 1.10 0.22

Muscularis externa, µm 503.8b 639.3a 565.2ab 510.2b 467.0b 537.1 57.2

Explanations: a, b – values with different letters in the same row differ significantly at P ≤ 0.05
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changes in SCFA content in the digesta at this portion of 
the intestine were most pronounced. Lack of significant 
differences in the fattener jejunal crypt depth may be 
due to the digestive system maturity reached as early 
as at 3-4-months-of-age. For this reason, supplement-
ing prebiotics in young animal nutrition is appropriate 
and justified so that gastrointestinal maturity could 
be enhanced and SCFA production intensified. Thus 
improvement of animal health and performance can 
be achieved (4, 10).
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