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Introduction

The physiological effect of concomitant avail-
ability of polyphenols and fibre in a diet is not well 
recognized. However, synergetic effect of dietary 
fibre and polyphenols was reported by Aprikian 

et al. (2003) who observed that pectins and poly-
phenols, when administered together to rats, exert  
stronger positive impact on caecal fermentation 
and blood lipid profile than each fraction indi-
vidually. Free or simple polyphenol conjugates 
of small molecular weight are absorbed in the 
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ABSTRACT. The aim of the study was to assess the effects of dietary supple-
mentation with chicory root meal (CHIC) or apple pomace (POM), containing 
both dietary fibre and polyphenols, on selected physiological parameters in 
rats. Forty Wistar rats were divided into 5 groups of 8 animals each and fed 
control (C) diet with 10% of cellulose or diets containing CHIC, POM, oligo-
fructose (OLIGOF) or pectin (PEC) for 28 days. The supplements were added 
to experimental groups in order to obtain the corresponding to the C group 
the non-digestible carbohydrates content. Indices of caecal fermentation, 
antioxidant status, lipid peroxidation and lipid profile of rats were assessed. 
Supplementing POM and CHIC to rat diets decreased (  ≤ 0.05) the caecal pH 
and ammonia concentration, bacterial β-glucuronidase activity and increased 
the short-chain fatty acid concentration and pool size in comparison to the C 
group. In POM group the triacylglycerol (TAG) and thiobarbituric acid-reactive 
substances concentration was lower in comparison to C and to OLIGOF and 
C groups, respectively. The examined preparations significantly (  ≤ 0.05) de-
creased TAG and total cholesterol levels in blood, but had no influence on liver 
functioning parameters and antioxidant biomarkers such as sodium dismutase 
and glutathione peroxidase activity or antioxidant capacity of water- and lipid-
soluble serum fractions. So, supplementing rats with POM and CHIC benefi-
cially modulated microbial activity in the caecum and blood lipid profile.
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upper gastrointestinal tract. However, as dietary 
polyphenols are present in the form of esters, poly-
mers or glycosylated particles must be hydrolysed 
by the intestinal enzymes or the colonic microflora 
prior to absorption. Polyphenols deglycosylation, 
dehydroxylation and demethylation may be con-
ducted by bacterial enzymes (Olthof et al., 2001). 
On the other hand, non-digestible carbohydrates, 
e.g., pectins and fructooligosaccharides (FOS), are 
not hydrolysed by pancreatic enzymes in the upper 
part of the gut but they are transported in whole to 
the large intestine where they may increase suscep-
tibility of phenolic compounds to microbial metabo-
lism (Juśkiewicz et al., 2011).

Apples and chicory contain specific fibre types 
and polyphenols. Apples contain 2 - 3% of fibre, 
50% from this in soluble form (pectins), which 
is more readily fermented than its cereal counter-
part. Also, apples contain approximately 2 g of 
polyphenols per kg of fresh mass. Importantly, the 
phenolic compounds concentration (flavonoids 
and phenolic acids) in the whole apple is higher in  
a peel than in a pulp (Wolfe and Liu, 2003). Chicory 
fibre consists of inulin-type fructans with different 
degrees of polymerization (DP): oligofructose – 
3 – 10 DP and inulin – >10 DP (Milala et al., 2009). 
FOS and inulin can increase acidification of digesta, 
growth of health-promoting bacteria (

) and short chain fatty acids (SCFA) production 
in the large intestine. They also protect polyphenols 
against degradation in the digestive tract and in-
crease their absorption, leading to an improvement 
in the body antioxidant defence system (Juśkiewicz 
et al., 2011). Main active phenolic compounds pres-
ent in chicory leaves and roots are mono- and di-
caffeoylquinic acids (MonoCQA and DiCQA, re-
spectively) and chicoric acid (Olthof et al., 2001).

It was hypothesized that the presence of poly-
phenolic fraction in dietary fibre preparations may 
exert physiological effects on the organism, both lo-
cally in the intestinal tract and systemically. There-
fore, the aim of the study was to determine the ef-
fects of two unprocessed preparations, i.e. apple 
pomace (POM) and chicory root meal (CHIC), on 
the gut function, caecal fermentation and antioxi-
dant status in rats, and to compare them with the 
influence of pectin and oligofructose.

Material and methods
Plant material

Dietary supplements were: apple pectin (Pec-
tinE 440(i); Fruit and Vegetable Processing Plant  

‘Pektowin’ Sp. z o.o.; Jasło, Poland) with galact-
uronic acid content >74% of dry matter, oligofruc-
tose (Raftilose1P95, ORAFTI; Belgium), unpro-
cessed POM and unprocessed CHIC. 

POM was obtained from the manufacturer of 
clarified juices (ALPEX; Łęczeszyce, Poland). 
Fresh pomace, obtained from a dessert apple culti-
var using enzyme-assisted pressing and the Bücher 
type press, was dried in a convection oven at ≤ 70 °C 
until the moisture content was lower than 5%. Then 
it was sieved through a 3 mm/5 mm mesh screen to 
remove seeds. The received fractions were ground 
in a disc mill to particles of < 0.6 mm in size.

CHIC was obtained from chicory grits produced 
industrially (ZPC Cykoria S.A.; Wierzchosławice, 
Poland) by the use of a convective dryer at ≤ 70 °C. 
The dried chicory material was disintegrated in a ball 
grinder and sieved through a 0.8 mm mesh screen.

Animals and diets
The 4-week experiment was conducted on 

40 male 49-day-old Crl:WI(Han) Wistar rats of 
205.6 ± 12.9 g body weight (BW), as approved by 
the Local Ethical Commission for Experiments with 
Animals in Olsztyn (Poland). Rats were randomly 
divided into 5 groups of 8 rats each and housed 
individually in plexiglass cages (Tecniplast Spa.;  
Buguggiate, Italy) under standard conditions: tem-
perature 21 - 22 °C, relative humidity 55 ± 10%, in-
tensive room ventilation 15 - 20 times/h with a 12 h 
light/dark cycle. Food and tap water were freely 
available. The experimental diets were modified 
with addition of apple pectin (PEC), apple pomace 
preparation (POM), oligofructose (OLIGOF) and 
unprocessed chicory root meal (CHIC). CHIC and 
POM were added to the diets at different doses so 
that the non-digestible carbohydrates content re-
mained similar and corresponded to 10% of cellu-
lose added to the control (C) group (Table 1). The 
POM and CHIC diets contained 0.027 and 0.017% 
of polyphenolic fraction, respectively, while the C, 
PEC and OLIGOF diets were polyphenols free. Rats 
BW was recorded at the beginning and the end of 
the study, and diet intake was monitored daily to cal-
culate the BW gain and feed conversion ratio (FCR).

At the end of the experiment the rats were anaes-
thetized with sodium pentobarbitone. Blood samples 
were taken from the . Then, the 
rats were sacrificed by anaesthetic overdose and 
death was confirmed by cervical dislocation. After 
laparotomy, selected organs (liver, heart, lungs and 
kidneys) as well as segments of the gastrointestinal 
tract (small intestine, caecum and colon with their 
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contents) were removed and weighed. The small 
intestine, caecal and colon pH was measured using  
a microelectrode and pH/ION meter (model 301; 
Hanna Instruments; Vila do Conde, Portugal). 
Samples of fresh digesta were weighed and used 
immediately for analysis of dry matter (dried at 
105 °C) and ammonia concentration, while the 
determinations of microbial glycolytic activity as 
well as the concentration of SCFA were performed 
in samples stored at -70 °C. The small intestine, 
caecum and colon’s walls were flushed clean with 
ice-cold saline, blotted on filter paper and weighed as 
tissue mass. The mucosal samples of small intestine 
were collected by scraping with glass slides onto an 
ice-cooled glass plate, weighed and subsequently 
stored at -70 °C.

Chemical analyses of plant material and 
experimental diets

POM, CHIC and experimental diets were ana- 
lysed in duplicate for dry matter, crude protein, fat, ash, 
total dietary fibre and insoluble dietary fibre using the 
AOAC International (2005) methods 934.01, 920.152, 
930.09, 940.26, 985.29 and 993.19, respectively.

Phenolic determinations in CHIC were per-
formed according to the procedure of Milala et al. 
(2009), using a Dionex HPLC system with a diode 
array detector (Germering, Germany) coupled with 
a 4 µm Fusion-RP 80A column (150 × 2.0 mm; Phe-
nomenex Synergi; Torrance, CA, USA). Extraction 
of polyphenolic compounds from POM was per-

formed as follows: 0.5 g of each freeze-dried sam-
ple was mixed with 4 ml of solvent (70% ethanol, 
v/v) and sonicated for 15 min. After centrifugation 
at 4800 g for 5 min, the supernatant was collected 
and the residue was re-extracted twice with 3 ml of 
the same solvent to gain about 10 ml pooled extracts. 
The ethanolic extracts, containing most of the so- 
luble polyphenols, were analysed by a Dionex HPLC 
coupled with a Gemini 5-mm C18 110A column 
(250 × 4.6 mm; Phenomenex Synergi; Torrance, CA; 
USA), as described previously by Juśkiewicz et al. 
(2012).

Carbohydrate determinations in CHIC were 
performed using a HPLC (Knauer Smartline with 
an RI K-2301 Knauer detector; Berlin, Germany), 
an Animex HPX 87C (300 × 7.8 mm) column and 
water as a mobile phase (flow rate of 0.5 ml · min–1 
at 85 °C), as described previously by Juśkiewicz 
et al. (2011).

Determination of disaccharidases activity
Small intestinal disaccharidases activity (sucrase, 

maltase, lactase) was assayed by the Dahlqvist (1964) 
method with some modifications. The amount of the 
liberated glucose was measured spectrophotometrically 
in a mucosal homogenate supernatant. The enzyme 
activity was expressed as µmol of disaccharide hydro-
lysed per min per g of protein. The protein content of 
the supernatant was estimated according to Lowry 
et al. (1951) method using bovine serum albumin as  
a standard.

Measurements of microbial activity 
Ammonia from the fresh caecal digesta was 

extracted, trapped in a solution of boric acid in 
Conway’s dishes and determined by direct titration 
with sulphuric acid. The activity of bacterial en-
zymes (α- and β-glucosidase, α- and β-galactosidase 
and β-glucuronidase) was measured by the rate of 

- or -nitrophenol release from their nitrophenyl-
glucosides according to the method described by 
Wronkowska et al. (2011). The amount of SCFA 
was measured using gas chromatography (Shimadzu  
GC-2010, Kyoto, Japan). Samples (0.2 g) were 
mixed with 0.2 ml of formic acid, diluted with  
water and centrifuged at 7211 g for 10 min. One 
µl of the supernatant was loaded onto a capillary 
column (SGE BP21, 30 m  ×  0.53 mm) using an 
on-column injector. The initial oven temperature 
of 85 °C was raised to 180 °C by 8 °C · min-1, then 
maintained for 3 min. The flame ionization detec-
tor and injection port temperatures were 180 °C and 
85 °C, respectively.

Table 1. Composition of diets, %

Indices Diets1

C PEC POM OLIGOF CHIC
Ingredients

solid ingredients2 90 82.5 85 89.4 86.5
cellulose 10 – – – –
pectin3 – 17.5 – – –
unprocessed apple 
pomace – – 15 – –

oligofructose4 – – – 10.6 –
unprocessed  
    chicory root meal – – – – 13.5

Nutrient content
total protein 15.50 15.50 15.50 15.50 15.50
dietary fibre 10.00 10.15 10.17 10.07 10.12
polyphenols  – –  0.027 –  0.017

1 C – control diet, PEC – diet with pectin, POM – diet with unprocessed 
apple pomace, OLIGOF – diet with oligofructose, CHIC – diet with  
unprocessed chicory meal; 2 %: casein 13.75, DL-methionine 0.2, 
soya protein isolate 2.8-4, soyabean oil 8, cholesterol 0.5, vitamin mix  
(AIN-93G-VM) 1, mineral mix (AIN-93G-MX) 3.5, maize starch up to 100,  
3 PectinE 440(i) (Brouwland, Beverlo, Belgium), 4 oligofructose Rafti-
lose® P95 (Beneo-Orafti, Oreye, Belgium)
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Analyses of biochemical blood indices  
and antioxidant status

Activities of superoxide dismutase (SOD) in the 
erythrocyte lysate and glutathione peroxidase (GPx) 
in the heparinized blood were determined using 
reagents from Randox Laboratories Ltd. (Crumlin, 
Atrim, UK). Serum antioxidant capacities of water-
soluble (ACW) and lipid-soluble (ACL) substances 
were determined by photochemiluminescence de-
tection method using Photochem (Analytik Jena 
AG; Jena, Germany), as described previously by 
Juśkiewicz et al. (2011).

Serum from the remaining non-heparinized blood 
was obtained after solidification. Glucose, total cho-
lesterol (TC), high-density lipoprotein (HDL) cho-
lesterol content and triacylglycerol (TAG) concen-
trations as well as alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) serum activi-
ties were determined with commercial diagnostic 
kits (Alpha Diagnostics; Warsaw, Poland).

The extent of lipid peroxidation in kidneys, 
lungs, heart and liver was measured spectropho-
tometrically by quantifying thiobarbituric acid- 
reactive substances (TBARS) content (Uchiyama 
and Mihara, 1978). TBARS content was calculated 
from a standard curve for malondialdehyde and ex-
pressed as μmol · 100 g–1 tissue.

Statistical analyses 
All data is presented as means with their pooled 

SEM. The results were assessed using one-way 
analysis of variance (ANOVA) and the Duncan’s 
multiple range test. Differences at  < 0.05 were 
considered significant. The calculations were made 
using the STATISTICA 12.0 ENG software package 
(StatSoft Inc., Tulsa, OK, USA).

Results 

Chemical composition of POM and CHIC
POM contained, %: dry matter (DM) 94.9, 

crude ash 1.4, crude protein 7.1, crude fat 2.5, total 
dietary fibre 67.8, soluble dietary fibre 8.8, N-free 
extractives 16.1. Phenolic fraction of POM consist-
ed of, mg 100 g–1: chlorogenic acid 6.9, phlorizin 42, 
flavanols 2.1, quercetin and its glycosides 66.1, to-
tal polyphenols 117.1. CHIC preparation contained, 
%: DM 97.3, ash 3.8, protein 5.6, fat 1.7, glucose 
2.7, fructose 5.7, sucrose 15.9, fructans 60.1 includ-
ing oligofructose 14.1, inulin 46 and phenolic frac-
tion 0.5 (0.3 MonoCQA and 0.2 DiCQA).

Body weight, feed intake and feed 
conversion ratio

The lower body weight (BW) gain and higher 
feed conversion ratio (FCR) were demonstrated in 
rats fed PEC diet as compared to those fed C, POM 
and OLIGOF diets (Table 2). Similarly, daily feed 
intake was lower in rats fed PEC diet in compari-
son to other animals (except rats fed OLIGOF diet) 
(Table 2).

Digestive tract parameters in rats fed 
experimental diets

Feeding rats with POM and PEC diets increased 
the weight of small intestine with digesta when 
compared to C group. The small intestine weight 
observed in the PEC group was the highest among 
all groups (Table 3).

Neither supplementing rats with POM nor CHIC 
affected the mucosal sucrase and lactase activity, 
whereas maltase activity was increased in animals 
fed PEC diet in comparison to all remaining groups 
(Table 3). 

The pH of small intestinal digesta substantially 
was lower in the OLIGOF group in comparison to 
other groups (Table 3). 

Regarding the effect on the caecal and colonic  
parameters, the greatest mass of these both tissues 
was observed upon OLIGOF administration. The cae-
cal mass was significantly higher in PEC group when 
compared to C, POM and CHIC groups. The mass of 
caecal digesta was greater in rats fed OLIGOF and 
PEC diets as compared to rats fed C, POM and CHIC 
diets. There was observed no difference in colonic di-
gesta mass between groups (Table 3). In rats fed C 
diet, the pH of caecal and colonic digesta was higher 
when compared to the other groups. Amongst the ex-
perimental groups, the PEC and CHIC rats were as-
sociated with the lower caecal digesta pH than POM 
rats. The colonic digesta pH in the CHIC group was 
significantly lower than in the PEC group (Table 3).

Table 2. Growth performance of rats

Indices Diet1
SEMC PEC POM OLIGOF CHIC

Initial BW, g 206 205 206 206 205 1.61
Final BW, g 309a 281b 317a 312a 299ab 3.35
BW gain, g 103a  79.6b 112a 107a  95.5ab 2.96
Daily feed intake, g 557a 505b 561a 529ab 545a 6.18
FCR, g · g–1   5.50b   6.41a   5.11b   5.06b    5.79ab 0.14
1see Table 1; BW – body weight, FCR – feed conversion ratio;  
ab – means with different superscripts within a row are significantly 
different at  ≤ 0.05 
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Dry mass content in the caecum was significant-
ly reduced in all experimental groups in comparison 
to the control group. In the PEC group the water 
content in ceacal digesta was the highest in com-
parison to other groups (Table 3). Significantly de-
creased ammonia concentration in the caecum was 
observed for all the experimental groups, except the 
OLIGOF group (Table 3).

Bacterial enzyme activity and SCFA 
concentration in caecal digesta 

The highest caecal α- and β-glucosidase, β-glucu-
ronidase and β-galactosidase activities were reported 
in PEC group (Table 4). Activity of particular gly-

colytic enzymes in the caecal digesta varied depend-
ing on the administered preparation. The activities of 
α-glucosidase and β-galactosidase were higher in rats 
receiving OLIGOF and CHIC diets than POM and C 
diets. The POM, OLIGOF and CHIC supplementa-
tion diminished β-glucuronidase activity in the caecal 
digesta in comparison to C group. Whereas OLIGOF 
and CHIC addition evoked a substantial increase 
in the α-galactosidase activity, in contrast to POM 
and PEC groups that did not differ from C group 
(Table 4). 

All additives, except OLIGOF, markedly in-
creased the total SCFA concentration in the cae-
cal digesta (Table 5). The concentration of total 
SCFA was higher in CHIC group in comparison 
to other groups except PEC group. The highest ac-
etate (C2:0) concentration was observed upon the 
PEC diet administration, whereas the lowest – for 
the OLIGOF and C diets. Propionic acid (C3:0) 
concentration differed significantly among all ex-
perimental groups and increased in the following 
order: C < POM < PEC < OLIGOF < CHIC. POM 
caused a considerable increase in butyrate (C4:0) 
concentration in contrast to a lowering effect of 
other preparations in relation to C group. The C diet 
was associated with the highest concentration of - 
valeric ( C5:0) and -butyric ( C4:0) acids. 
The smallest pool of total SCFA (calculated as µmol 
per caecum) was observed in the control animals.

Table 5. Short chain fatty acids (SCFA) concentration and pool size in 
rat caecal digesta 

Indices Diets1
   SEMC PEC POM OLIGOF  CHIC

SCFA, μmol · g-1 digesta
acetic, C2:0  66.37c 104.8a  89.52b  59.43c  94.87b 3.169
propionic C3:0  14.39e  33.34c  24.16d  41.36b  57.05a 3.767
iso-butyric isoC4:0  0.45a  0.05bc  0.12b   0.07bc  0.01c 0.031
butyric C4:0  8.89b  5.43c 11.51a   5.90c  6.31c 0.500
iso-valeric isoC5:0  0.61a  0.17b  0.22b   0.23b  0.06b 0.038
valeric C5:0  1.10a  0.27b  1.10a   0.81ab  0.30b 0.116
total SCFA  91.8d 144.1ab 126.6bc 107.8cd 158.6a 4.760

SCFA, μmol per caecum
acetic C2:0 172c 440a 283b 302b 233c 19.21
propionic C3:0  36.6c 139a  75.5c 214b 239b 15.12
iso-butyric isoC4:0   1.19a   0.20b   0.40b   0.34b   0.02b 0.087
butyric C4:0  22.8b  23.2b  35.6a  29.3ab  19.7b 1.621
iso-valeric isoC5:0   1.57a   0.72bc  0.73bc  1.07ab   0.20c 0.120
valeric C5:0   2.85   1.09   3.43   3.53   0.94 0.436
total SCFA 237c 604a 399b 550a 493ab 28.43

1 see Table 1; abc – means with different superscripts within a row are 
significantly different

Table 3. Digestive tract parameters in rats

Indices Diets1
SEMC PEC POM OLIGOF CHIC

Small intestine
tissue mass  
   with digesta,  
   g · 100 g–1 BW

 2.414c  3.520a  2.700b  2.580bc  2.448c 0.073

sucrase2 29.27 30.55 32.91 29.78 24.77 1.309
maltase2 75.82b 94.99a 76.92b 76.77b 73.30b 1.165
lactase2 10.68 11.93 12.96 12.41  8.95 0.615
pH of digesta  6.99a  7.09a  7.01a  6.47b  6.91a 0.056

Caecum
tissue,  
   g · 100 g–1 BW  0.270d  0.439b 0.313cd  0.546a  0.350c 0.017

digesta, 
   g · 100 g–1 BW  0.827b  1.460a 0.984b  1.624a  1.042b 0.060

pH of digesta  6.82a  5.95c 6.32b  6.16bc  5.93c 0.069
dry mass  
   in digesta, % 23.93a 14.81c 18.52b 17.58b 18.15b 0.540

ammonia in  
   digesta, mg · g–1  0.358a  0.267b  0.230b  0.323a  0.247b 0.011

Colon
tissue,  
   g · 100 g–1 BW  0.523b  0.523b  0.519b  0.580a  0.516b 0.009

digesta, 
   g · 100 g–1 BW  0.438  0.412  0.431  0.456  0.440 0.032

pH of digesta  6.80a  6.42b  6.31bc  6.31bc  6.03c 0.062
1 see Table 1; 2 activity expressed as μmol disaccharide hydrolysed 
per min per g of protein; BW – body weight; abc – means with differ-
ent superscripts within a row are significantly different at  ≤ 0.05 

Table 4. Bacterial enzymes activity in caecal digesta in rats

Enzyme activity,
μmol · h–1 · g–1  
digesta

Diets1

SEMC PEC POM OLIGOF CHIC

α-glucosidase 10.91c  35.43a 12.38c 23.63b  26.49ab 2.072
β-glucosidase  5.29b  10.82a  6.26b  6.77b   7.71b 0.478
α-galactosidase  6.28b  16.86ab 16.39ab 23.16a  24.00a 2.644
β-galactosidase 22.97c 154.2a 37.55c 99.05b 103.8b 9.282
β-glucuronidase 18.78b  28.39a 10.13c  9.32c   6.03c 1.498
1 see Table 1; abc – means with different superscripts within a row are 
significantly different at  ≤ 0.05
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The C group was characterized by the smaller C2 
in comparison to PEC, POM, OLIGOF groups and 
smaller C3 pool in comparison to PEC, OLIGOF and 
CHIC. Also in C group pool of -butyric acid and 

-valeric acid were greater in comparison to all 
groups and to PEC, POM and CHIC, respectively. 
The greater butyric acid pool was observed in 
POM in comparison to C, PEC and CHIC groups. 
As compared to the PEC treatment, the POM was 
characterized by a smaller pool of total SCFA, acetic 
and propionic acids, but a significantly greater butyric 
acid pool. Considering OLIGOF and CHIC, the  
latter was associated with a smaller pool of acetic 
and -valeric acids. 

Biochemical blood indices and antioxidant 
status

Serum glucose concentration, and ALT and AST 
activities remained unaffected by dietary treatments. 
Feeding rats with diet supplemented with POM de-
creased TBARS level in the kidney in comparison 
to rats fed C diet (Table 6). For the liver, heart and 
lungs there was no statistically significant difference 
between the groups with regard to TBARS content. 
Other examined indices of antioxidant status, i.e. 
GPx activity in blood, SOD activity in erytrocytes, 
serum ACW and ACL, were also unaffected. 

In comparison to C, in all treatments it was dis-
played significantly lower TAG level, whereas POM 
rats had lower TAG content than OLIGOF rats. TC 
levels were decreased in all experimental groups in 
comparison to C group, but PEC diet reduced TC 
content more than other treatments. In OLIGOF rats 
it was observed greater effect on elevating the HDL 
cholesterol level in comparison to PEC rats. The 
highest HDL : TC ratio was observed in PEC, while 
it was the lowest in C group (Table 6).

Discussion

In our study, we looked into the nutritional and 
biochemical effects of plant preparation containing 
both non-digestible saccharides and polyphenols.

PEC exerted its distinct effect on diet utilization  
by decreasing the daily diet intake and, consequently, 
decreasing the BW gain. These results are in line 
with the results of other studies (Aprikian et al., 
2003; Pirman et al., 2007). It is assumed that pectin 
added to the diet stimulates protein metabolism in 
digestive tract tissues, thus reduces availability 
of amino acids and energy for other tissues. 
Furthermore, in alimentary tract pectin acquires  
a gel-like consistency, increases satiety and reduces 

Table 6. Antioxidant status, lipid peroxidation and biochemical serum parameters in rats

Indices
Diets1

SEM
C PEC POM OLIGOF CHIC

Antioxidant parameters
GPx activity2, U · ml–1  54.94  57.75  53.70  53.79  57.06 0.950
SOD activity3, U · ml–1 327.90 319.00 359.30 333.80 337.00 7.069
ACW, mmol ascorbic acid · ml–1   0.070   0.069   0.072   0.056   0.071 0.006
ACL, mmol Trolox · ml–1   0.045   0.047   0.047   0.043   0.044 0.001

TBARS content, μmol · 100 g-1 tissue
kidney  15.19a  13.34ab  11.12b  14.27ab  12.89ab 0.743
liver   5.383   5.630   5.186   5.043   4.966 0.102
heart   3.753   3.835   3.547   3.714   3.453 0.082
lungs   5.181   5.301   5.100   5.498   5.463 0.099

Serum
ALT activity, U · l–1  14.69  12.59  13.52  13.80  14.23 0.487
AST activity, U · l–1 145.50 140.40 143.40 140.40 147.00 3.358
glucose content, mmol · l–1  11.8  10.7  11.4  10.8  11.5 0.224
TAG content, mmol · l–1   1.83a   1.37bc   1.32c   1.53b   1.45bc 0.037
TC content, mmol · l–1   2.84a   1.66c   2.24b   2.23b   2.12b 0.058
HDL content, mmol · l–1   1.03ab   0.92b   1.01ab   1.08a   0.97ab 0.019
HDL : TC, %  36.29c  55.52a  45.34b  48.75b  45.96b 1.291

1 see Table 1; GPx – glutathione peroxidase, SOD – superoxide dismutase, ACW – antioxidant capacity of water-soluble serum fraction, 
ACL – antioxidant capacity of lipid-soluble serum fraction, TBARS – thiobarbituric acid reactive substances, ALT – alanine transaminase,  
AST – aspartate aminotransferase, TAG – triacyloglycerol, TC – total cholesterol, HDL – high-density lipoprotein; 2 GPx activity in the whole blood;  
3 SOD activity in the erythrocytes; abc – means with different superscripts within a row are significantly different at  ≤ 0.05
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the overall food intake (Pirman et al., 2007). These 
properties of pectin contribute to reduction of BW as  
a result of apple consumption (Conceição de Oliviera 
et al., 2003).

It was also revealed that supplementing rats with 
PEC, and to a lesser extent POM, increased the small 
intestinal mass. Other researchers have also shown  
a similar effect of pectin (Pirman et al., 2007; Taciak 
et al., 2015), which may result from accumulation 
of a high-moisture and viscous digesta and from its 
prolonged passage through the proximal part of the 
digestive tract. Pectin increased also maltase activ-
ity in the small intestine, which might be an adaptive 
response to greater digesta weight and viscosity but 
also to morphological changes as it was indicated 
by Schwarz et al. (1983) and Koruda et al. (1988). 
Furthermore, Fotschki et al. (2014) demonstrated 
that the apple fibre preparation, after pectinase treat-
ment, significantly reduced the sucrase and maltase 
activities in the small intestinal mucosa.

The results of this study indicated the trophic 
effect of OLIGOF on the caecum which is in line 
with data previously reported by Zduńczyk et al. 
(2006). The mechanism responsible for dietary ef-
fects of OLIOGOF may be related to stimulation of 
bacterial growth (especially bifidobacteria). Such 
changes within the gut microflora may promote 
both colonic and systemic health (Han et al., 2014).  
Oligofructose can be rapidly and completely fer-
mented by the colonic microflora with the produc-
tion of acetate and other SCFA. SCFA stimulate 
blood flow and hormone secretion in intestinal wall 
and which in turn additionally stimulate cell prolif-
eration in the large intestine (Hippe et al., 2015).

The pectin-induced trophic effect in the large 
intestine has been related not only to SCFA activity, 
but also to the pectin ability to bind water and thus 
increase the volume of digesta (Adam et al., 2015).

In the presented study, experimental diets sig-
nificantly modulated pH of different parts of the in-
testine. Data suggests that bacteria in the distal part 
of the small intestine utilize some types of fibre and 
increase acidity of digesta (Tuohy et al., 2005). In 
this experiment, the decreased pH of small intes-
tinal digesta was observed only in rats fed OLIGOF 
diet. Our findings suggest that intestinal microflora 
more readily utilizes oligofructose as compared to 
apple pectins and inulin from CHIC. Indeed, some 
studies demonstrated that the susceptibility of pre-
biotic oligosaccharides to bacterial fermentation is 
determined by the length of their carbohydrate chain 
(Juśkiewicz et al., 2008). Furthermore, we observed 
that the pH of the large intestinal digesta significantly 

decreased with substitution of the cellulose with ap-
ple preparations. However, PEC acidified mostly the 
caecal digesta, whilst POM had similar acidifying 
effect on both the caecal and colonic content. It can 
be concluded that fermentation of pectins was more 
intensive in the proximal part of the large intestine, 
whilst POM fermentation in the large intestine re-
mained steady throughout. In a similar experiment on 
rats, diet supplemented with 8% of pectin significant-
ly decreased pH not only in the caecum and colon, 
but also in the small intestine (Pirman et al., 2007).

All examined preparations beneficially reduced 
concentration of ammonia in the caecal digesta, 
with OLIGOF exerting the smallest effect. Further 
studies are required to clarify the dietary effects of 
poly- and oligosaccharides and their combination 
with polyphenols on nitrogen balance. The data 
suggests that oligofructose can stimulate intensive 
growth of bacteria and, consequently, increase de-
mand for blood urea as a nitrogen source (Zduńczyk 
et al., 2006).

The modulatory physiological effect of the 
dietary ingredients as fibre and polyphenols was 
also manifested by the changes in the enzymatic 
activity of caecal microbiota. Previous studies 
conducted in our laboratory as well as those by 
other researchers revealed that inclusion of dietary 
fructans, apple pomace and polyphenolic fraction 
from chicory and apple significantly decreased 
activity of β-glucuronidase released from bacte-
rial cells into the large gut environment (Bouhnik 
et al., 2007; Juśkiewicz et al., 2011, 2012). Among 
all experimental preparations, pectin was the only 
one associated with markedly increased activity 
of β-glucuronidase. This enzyme, characteristic of 
harmful bacteria species, has deconjugative proper-
ties that support transformation of xenobiotics into 
more toxic substances (Hambly et al., 1997). In this 
study, beneficial modulatory effect of chicory fruc-
tans on enzymatic profile was clearly observed in the 
OLIGOF and CHIC groups as indicated by the afore-
mentioned inhibitory effect on β-glucuronidase and 
stimulating on α-glucosidase, α-galactosidase and 
β-galactosidase activities. Interestingly, there was 
no effect of dietary chicory polyphenols on bacterial 
enzymatic activity. Such effect was noted in case 
of apple preparations, as the POM group was char-
acterized by significantly lower activities of α- and 
β-glucosidase, β-galactosidase and β-glucuronidase 
in comparison to PEC group.

It is claimed that in case of oligosaccharides 
with a different susceptibility to fermentation, the 
SCFA pool size (considering the digesta bulk in the  
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caecum) is a good indicator of fermentation pro-
cesses in the intestines (Topping and Clifton, 2001). 
In this study, we observed significant changes in 
the concentration and pool size of SCFA in the 
caecum. The highest concentration and pool size 
of acetic acid was seen upon PEC administra-
tion, which has been also previously reported by 
other authors (Aprikian et al., 2003; Pirman et al., 
2007). In the POM-fed group a shift from acetate- 
propionate- towards butyrate-type fermentation was 
observed, suggesting alterations in the microflora 
profile which would be in agreement with findings 
by Louis et al. (2007). Altered profile of the micro-
flora might be responsible for differences between 
the PEC and POM groups in glycolytic activity and 
acidification of the caecal digesta. With respect to 
CHIC and OLIGOF, an increased concentration and 
pool size of propionic acid was observed. Import-
antly, the marked rise in the concentration and pool 
of butyric acid demonstrated for POM might have 
an impact on cancerous cells of the colon epithe- 
lium. One of the properties of butyric acid and some 
of its derivatives is inhibition of histone deacetyl- 
ation, closely related to suppression of carcinogene-
sis in the colon. In this respect, acetic acid appeared 
to be inactive and propionic acid revealed only  
a medium inhibition (Hong et al., 2015). The total 
SCFA concentration was higher in rats fed CHIC 
than in the animals fed OLIGOF. It is plausible, that 
the latter was related to the increased accumula-
tion of digesta in the caecum. Indeed, the chicory 
products, and other products that contain prebiotic 
fructans, oligofructose and inulin, were shown to 
exert a stimulatory effect on gastrointestinal bacte-
ria and SCFA production (Louis et al., 2007; Han 
et al., 2014).

Our results demonstrated that POM diet affect-
ed the lipid peroxidation in the kidneys. This could 
be connected with the intensive caecal fermentation 
of apple fibre, which would promote apple polyphe-
nol metabolism in the gut, leading to polyphenol ab-
sorption and circulation in the body.

The dietary treatments with apple and chicory 
preparations resulted in beneficial changes in serum 
lipid profile, as indicated by lower TAG and total 
cholesterol concentration in comparison to the con-
trol animals. It may be associated with the changes 
in caecal fermentative processes, i.e. increased pro-
pionic acid concentration, which could have bene-
ficial impact on lipid metabolism proportional to 
its amount (Hippe et al., 2015). Also, the beneficial 
modulatory effect of dietary fibre and polyphenols 

from apple and chicory was confirmed by signifi-
cantly higher HDL to total cholesterol ratio in all 
experimental groups.

Conclusions
Diets with apple pomace and chicory root meal 

addition, both containing dietary fibre and polyphe-
nols, beneficially affect serum lipid profile and the 
caecal microbiota activity in rats.
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