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The aim of this study was to scrutinise if the dietary addition of a low-pectin fibre preparation obtained from apple pomace, the by-product of apple
concentrate processing, is able to favourably affect the gut metabolism, antioxidant status and blood bio-markers of the organism, as it takes place
when apple fibre is present in the diet as an unprocessed ingredient. The nutritional experiment was performed on rats allocated to 2 groups of 10
animals each and fed for 2 weeks with either a control cellulose-containing diet or an experimental low-pectin apple fibre-containing diet. To induce
metabolic disorders a diet rich in saturated fat and fructose was used in both diet-specific groups. The dietary apple fibre preparation (AFP) signifi-
cantly reduced the activity of sucrase and maltase in the mucosa of the small intestine. In the caecal digesta, the dietary AFP significantly increased
bacterial a-glucosidase and o-galactosidase activity, whereas bacterial B-glucuronidase activity was significantly reduced. Also, the content of short
chain fatty acids in the caecal digesta was significantly increased after the AFP supplementation. In the blood serum, the dietary AFP significantly
reduced the glucose concentration, and decreased the ratio of total cholesterol to HDL cholesterol. In conclusion, the tested dietary AFP is still able
to favourably affect the gut metabolism and can also ameliorate blood glucose concentration, which seems to be related to the inhibition of mucosal
disaccharidase activities. However, the analysed preparation has no influence on the antioxidant status of the organism and may trigger adverse effects

on cholesterol metabolism.

INTRODUCTION

Dietary fibre is a well-known group of indigestible food
components that can favourably affect the hindgut physiol-
ogy, i.a. by increasing gut motility, digesta volume and faecal
weight, being simultaneously an important nutrient for the gut
microbiota [Anderson & Hanna, 1999; Sembries et al., 2004].
Bacterial fermentation of dietary fibre in the hindgut leads to
the production of short-chain fatty acids (SCFA), including
acetate, propionate and butyrate. Numerous studies have
demonstrated that SCFA promote colonic epithelial health
through several mechanisms, such as the stimulation of wa-
ter and NaCl absorption, the maintenance of barrier func-
tion and the regulation of cell proliferation [Wong et al., 2006;
Fung er al., 2012]. Dietary fibre is also partly responsible for
the regulation of lipid and glucose metabolism in the body;
it can ia. reduce blood cholesterol concentration and post-
prandial glycaemia [Anderson & Hanna, 1999]. Moreover,
dietary fibre is found in apples together with polyphenols
which are able to improve the antioxidant status of the organ-
ism and can help protect it against chronic diseases related to
oxidative stress [Maffei et al., 2007; Bonarska-Kujawa et al.,
2012; Juskiewicz et al., 2012].
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It has been estimated that the consumption of fresh
and processed apples provides human body 10-30%
of the overall daily ingested dietary fibre depending on indi-
vidual eating habits [Aprikian et al., 2003]. Apples are also
one of the most popular fruits that are processed by the food
industry in Europe, especially to obtain apple concentrate as
a base for the apple juice production. Although the technol-
ogy of apple concentrate production is highly efficient, still
12-20% of processed raw material becomes a by-product
which is especially rich in dietary fibre and is usually dumped
or composted [Sudha et al., 2007]. In order to increase the ef-
ficiency of apple juice extraction and to clarify the obtained
product pectolytic enzymes are added. Pectin breakdown
reduces the viscosity of pectin-rich crude juice and thus in-
creases juice flow and reduces the overall press time [Jayani
et al., 2005]. In an apple tissue, pectolytic enzymes cause
its maceration, cell lysis, modification of cell wall structures
and depolymerisation [Kabbert et al., 1997], thus changing
the overall fibre structure of the pomace. In fresh apples,
the soluble fibre fraction, mainly pectins, represents around
50-30% of the overall fibre content [Suni ef al., 2000; Colin-
-Henrion ez al., 2009], whereas apple pomace consists mainly
of the insoluble fibre (about 83%) [Dongowski et al., 2002].
Numerous articles describe the beneficial effect of apple fibre
consumption and its favourable effects on such diet-related
diseases as obesity, diabetes, cardiovascular disease and can-
cer [Hyson, 2011]. Nevertheless, most of the studies are fo-
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TABLE 1. Basic chemical composition of apple fibre preparation (g/100 g).

TABLE 2. Composition of diets (g/100 g)

Component Mean SD
Dry matter 94.76 0.14
Ash 32 0.02
Fat 3.01 0.07
Protein 8.56 0.23
Total dietary fibre 75.3 0.58

Soluble dietary fibre 9.21 0.11

Mean value and standard deviation (SD, n 3).

cused on the dietary supplementation with apple fibre whose
structure was not modified by the addition of pectolytic en-
zymes [Aprikian et al., 2001, 2003; Maffei ef al., 2007; Dé-
cordé et al., 2008; Kim ez al., 2013].

The aim of this study was to scrutinise if the dietary ad-
dition of a low-pectin fibre preparation obtained from apple
pomace, the by-product of apple concentrate processing,
is able to favourably affect the gut metabolism, antioxidant
status and blood bio-markers of the organism, as it takes
place when apple fibre is present in the diet as an unprocessed
ingredient. The nutritional experiment was performed on rats
and a modified diet rich in saturated fat and fructose was used
to induce metabolic changes related to the Westernisation
of human eating habits.

MATERIAL AND METHODS

Apple fibre preparation (AFP)

Apple pomace as a waste product obtained from des-
sert apple cultivars during clarified juice production with
an enzyme-assisted pressing was provided from the ALPEX
Company (keczeszyce, Poland). The fresh pomace from
the Biicher-type press was dried in a convection oven at
a temperature of 70°C until the moisture content was lower
than 5%, and then the dried material was sieved (mesh size:
5 mm and 3 mm) to discard the seeds. Afterwards, the sieved
material was ground to powder in a disc mill. The obtained
apple fibre preparation was then assayed in duplicate for
the content of dry matter, crude protein, fat, ash, total dietary
fibre and insoluble dietary fibre using standard AOAC meth-
ods [AOAC, 2005]. The chemical composition of the apple
fibre preparation is shown in Table 1. The preparation was
especially rich in dietary fibre (75.3 g/100 g), but contained
also some amounts of protein and fat (8.56 g and 3.01 g per
100 g, respectively)

Animals and diets

The animal protocol used in the present study was ap-
proved by the local Institutional Animal Care and Use Com-
mittee. The experiment was conducted on twenty male Wistar
rats aged 49 days that were randomly allocated to two groups
of ten animals each. The average initial body weight was com-
parable between both groups and equalled 189.1=1.6 g in to-
tal. All animals with comparable body weight were housed
individually over 2 weeks in metabolic cages (Tecniplast
Spa, Buguggiate, Italy) with free access to water and semi-

Component Dict

C A
Casein' 11.35 11.35
DL-methionine 0.15 0.15
Lard 7 7
Cholesterol? 1 1
Cellulose® S -
Apple fibre preparation - 6.7
Mineral mix® 3.5 3.5
Vitamin mix® 1 1
Fructose* 69 69
Maize starch’ 2 0.3
Calculated content of selected dietary ingredients
Dietary protein 10.1 10.6
Dietary fibre 5.0 5.0

1. Casein preparation contained 89.7% protein, 0.3% fat, 2.0% ash
and 8.0% water (Lacpol Company, Murowana Goslina, Poland).
Sigma-Aldrich (Poznan , Poland).

a-Cellulose (Sigma).

ADM Corn Processing (USA).

AIN-93G-MX (per kg mix): 357 g calcium carbonate anhydrous

(40.04% Ca), 196 g potassium phosphate monobasic (22.76% P

and 28.73% K), 70.78 g potassium citrate, tripotassium monohy-

drate (36.16% K), 74 g NaCl (39.34% Na and 60.66% Cl), 46.6 g

potassium sulphate (44.87% K and 18.39% S), 24 g magnesium ox-

ide (60.32% Mg), 6.06 g ferric citrate (16.5% Fe), 1.65 g zinc car-
bonate (52.14% Zn), 1.45 g sodium meta-silicate 9H20 (9.88% Si),

0.63 g manganous carbonate (47.79% Mn), 0.3 g cupric carbon-

ate (57.47% Cu), 0.275 g chromium potassium sulphate 12H20

(10.42% Cr), 81.5 mg boric acid (17.5% B), 63.5 mg sodium fluoride

(45.24% F), 31.8 mg nickel carbonate (45% Ni), 17.4 mg lithium chlo-

ride (16.38% Li), 10.25 mg sodium selenate anhydrous (41.79% Se),

10 mg potassium iodate (59.3% I), 7.95 mg ammonium paramolyb-

date 4H20 (54.34% Mo), 6.6 mg ammonium vanadate (43.55% V)

and 221.026 g powdered sucrose.

6. AIN-93G-VM (g/kg mix): 3.0 nicotinic acid, 1.6 calcium pantothe-
nate, 0.7 pyridoxine- HCI, 0.6 thiamine-HCI, 0.6 riboflavin, 0.2 folic
acid, 0.02 biotin, 2.5 vitamin B12 (cyanocobalamin, 0.1% in man-
nitol), 15.0 vitamin E (all-rac-a-tocopheryl acetate, 500 mg/g),
0.8 vitamin A (all-trans-retinyl palmitate, 275 mg/g), 0.25 vitamin
D3 (cholecalciferol, 10 mg/g), 0.075 vitamin K1 (phylloquinone),
974.655 powdered sucrose.

7. AVEBE (Veendam, Holland).

Dok

purified casein diets. The diet intake was monitored in daily
intervals. The environment was controlled with a 12 h light
and 12 h dark cycle, a temperature of 21+1°C and twenty
air changes/h. The control diet contained cellulose as a fibre
source (group C), whereas in the experimental diet, the AFP
was added at the expense of cellulose and a part of maize
starch (6.7% of the diet, group A). Both diets were similar
in terms of the content of dietary ingredients and their de-
tailed composition is shown in Table 2.

Analytical procedures

During the first 10 days of experimental feeding, the ni-
trogen excretion pattern was determined. The initial 5-day
preliminary period was aimed at adapting the gut micro-
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biota to the diets, followed by a 5-day experimental period,
in which faeces and urine were collected once daily from all
rats. Nitrogen in faeces and urine was determined accord-
ing to the Kjeldahl’s method. Apparent nitrogen digestibility
and nitrogen retention were used as the criteria of nutritional
quality of the diets.

At the termination of the experiment, the rats were an-
aesthetised with the intraperitoneal injection of sodium pen-
tobarbital (60 mg/kg body weight) according to the recom-
mendations for euthanasia of experimental animals. After
laparotomy, blood samples were taken from the caudal vein,
and then small intestine, caecum, colon, liver, heart and kid-
neys were removed and weighed.

The small intestine was divided into four equal parts,
and the second part from the stomach side was rinsed with ice-
-cold physiological saline and cut open. The mucosal samples
were collected by scraping with glass slides on an iced glass
plate, weighed and subsequently stored at -20°C. The muco-
sal sucrase and maltase activity was assayed by the method
of Dahlqvist [1964] with modifications described elsewhere
[Jurgonski et al., 2013] and expressed as micromoles of disac-
charide hydrolysed per min per g of protein.

Samples of the caecal digesta were used for the immediate
determination of ammonia, pH value and dry matter, whereas
the rest of the digesta was transferred into tubes and stored
at -70°C. Ammonia was extracted from the caecal digesta,
trapped in a solution of boric acid in Conway’s dishes and de-
termined by direct titration with sulphuric acid. The pH value
was measured using a microelectrode and a pH/ion meter
(model 301; Hanna Instruments, Vila do Conde, Portugal).
The dry matter was determined at 105°C.

SCFA content in the caecal digesta was determined using
a gas chromatograph (Shimadzu GC-2010, Kyoto, Japan).
The 0.2 g sample was mixed with 0.2 mL formic acid, diluted
with deionized water and centrifuged at 7211 x g for 10 min.
The supernatant was then injected (1 wL) onto a capillary col-
umn (SGE BP21, 30 m x 0.53 mm; SGE Europe Ltd, Milton
Keynes, UK) using an on-column injector. The initial oven
temperature was 85°C and was raised to 180°C by 8°C per min
and held there for 3 min. The temperatures of the flame ion-
ization detector and the injection port were 180°C and 85°C,
respectively.

Microbial glycolytic activity in the caecal digesta (o- and
B-glucosidase, a- and B-galactosidase and B-glucuronidase)
were measured spectrophotometrically using the rate of p- or
o-nitrophenol release from the respective nitrophenyl-gly-
cosides and expressed as wmol product formed per h per g
of the digesta [Juskiewicz et al., 2012].

Serum concentration of triacylglycerols (TAG), total
cholesterol and its HDL fraction were estimated with re-
agents from Alpha Diagnostics Ltd. (Warsaw, Poland).
The activity of superoxide dismutase (SOD) in erythrocyte
lysate was determined using reagents from Randox Labo-
ratories Ltd. (Crumlin, Antrim, UK). The serum antioxi-
dant capacity of water- and lipid-soluble substances was
determined by a photochemiluminescence detection method
using a Photochem (Analytik Jena AG, Jena, Germany).
In the photochemiluminescence assay, the generation of free
radicals was partially eliminated by the reaction with antiox-

idants present in the serum samples, and the remaining radi-
cals were quantified by luminescence generation. The results
were expressed as mmol of ascorbate or Trolox equivalents
per mL of serum.

The extent of lipid peroxidation in selected tissues (kid-
neys, liver and heart) was determined as the content of thio-
barbituric acid-reactive substances (TBARS) according to
Uchiyama & Mihara [1978] and expressed in nmol of malon-
dialdehyde per gram of tissue.

Statistical analysis

Results were analysed statistically using unpaired two-
-tailed Student’s ¢-test at a significance level of P<0.05. Results
are expressed as mean value and standard error of the mean
(SEM, n=10). Calculations were done using STATISTICA
8.0 (StatSoft Corporation, Krakow, Poland).

RESULTS

The dietary AFP used in the study had no significant ef-
fect on the body weight of rats (Table 3). The rats fed with
the A diet showed a significant increase of N intake and N
exertion with faeces, therefore their N apparent digestibil-
ity index significantly decreased. Conversely, the N retention
index that takes into account losses of N both with faeces
and urine significantly increased in this group. The dietary
supplementation with AFP had effect on the dry matter of di-
gesta, which was significantly decreased both in the ileum
and caecum. In the mucosa of the small intestine, the sucrase
and maltase activity was also found to be significantly lower
in group A. Moreover, the 2-week administration of dietary
AFP to rats tended to decrease the pH of caecal digesta
(P=0.065) and significantly decreased the pH of colonic di-
gesta. The AFP supplementation lowered also the ammonia
concentration in the caecal digesta.

Bacterial enzyme activity and SCFA content in the caecal
digesta of rats are shown in Table 4. The dietary supplementa-
tion with AFP significantly increased the a-glucosidase activ-
ity and to more than two times the a-galactosidase activity.
Furthermore, the B-glucuronidase activity was significantly
lower in group A than group C. The total SCFA content was
significantly elevated in group A, which resulted from the in-
creased content of acetic, propionic, butyric and valeric ac-
ids. The content of branched-chain fatty acids (iso-butyric
and iso-valeric acids) did not differ significantly between both
groups. Also, the proportions of acetate, propionate and bu-
tyrate did not change after AFP supplementation.

Group A was characterised by a significantly lower se-
rum glucose level (Table 5). Blood triglyceride concentra-
tion was similar between both groups, however, a trend
towards increased serum total cholesterol concentration
(P=0.07) and a trend towards decreased HDL cholesterol
concentration (p=0.09) was noted in the blood serum of rats
of group A. As a result, a significantly decreased ratio of total
cholesterol to HDL cholesterol was observed in this group.
Moreover, the AFP supplementation had neither significant
effect on antioxidant parameters measured in blood (SOD
activity, ACW and ACL) nor on the tissue TBARS content
of selected internal organs.
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TABLE 3. Body weight (BW), nitrogen excretion pattern and indicators
of gastrointestinal tract function of rats.

C A
Parameters
Mean | SEM | Mean | SEM

Final BW (g) 223.4 6.6 2324 3.4
Nitrogen balance:

N intake (mg/5 d) 1150 7.6 1289* 7.1

N in faeces (mg/S d) 128 0.8 182* 3.1

N in urine (mg/5 d) 561 15.4 534 19.5

N apparent digestibility' (%) 88.9 0.1 85.9% 0.1

N retention? (%) 40.1 1.3 44 5% 1.5
Small intestine

pH of ileal digesta 7.2 0.13 7,04 0.12

Dry matter (%) 222 0.68 19.2*  0.92
Mucosal disaccharidase
activity (umol/min/g):

Sucrase 40.3 1.67 33.4% 1.56

Maltase 50.8 1.97  45.1% 1.28
Caecum

Tissue (g/100 g BW) 0.32 0.01 0.32 0.86

Digesta (g/100 g BW) 1.19 0.1 1.21 0.83

pH of digesta 7.06 0.04 6.96 0.28

Dry matter (%) 22,14 089  19.32*  0.67

NH, (mg/g) 0.43 0.01 0.36 0
Colon

Tissue (g/100 g BW) 0.64 0.02 0.65 0.03

Digesta (g/100 g BW) 0.64 0.06 0.45 0.07

pH of digesta 6.98 0.03 6.71* 0.04

C, control saturated fat-rich high-fructose diet; A, saturated fat-rich
high-fructose diet supplemented with 6.7% apple fibre preparation. 'Ap-
parent digestibility: [N intake — N faecal / N intake] x 100; 2Retention: [N
intake — N faecal — N urinary / N intake] x 100. * Significantly different
from group C (P<0.05).

DISCUSSION

Bhushan et al. [2008] have reported that apple pomace
contains 35-60 g/100 g of total dietary fibre depending on
the type of apple and the method of processing employed.
The AFP used in the present experiment was rich in insolu-
ble dietary fibre (66.1 g/100 g) and poor in soluble dietary
fibre (9.21 g/100 g), which in apples consists mainly of pec-
tins (Table 1). Depectinization of apple pomace results from
the application of pectolytic enzymes during the production
of apple concentrate [Kashyap ez al., 2001].

In the present nutritional experiment, the dietary fibre con-
tent was the same in both groups of rats. However, the AFP
contained also some amounts of protein (8.56 g/100 g), which
resulted in slightly increased overall content of this nutrient
in the diet of group A (group C, 10.1% vs. group A, 10.6%).
That difference seemed to be sufficient to affect significantly
nitrogen excretion pattern of rats from group A; they con-
sumed and excreted with faeces significantly more protein

than animals from the control group. Another important fac-
tor that could increase nitrogen content in the faeces of rats
from group A was intensified bacterial fermentation. Although
the AFP consisted mainly of insoluble fibre, there were still
some amounts of the soluble fibre fraction (9.21 g/100 g)
which is a known energetic substrate for the hindgut micro-
biota and could stimulate their anabolic processes connected
with increased protein production [Howard et al., 2000].
The aforementioned factors were decisive in the reduction
of apparent digestibility observed after the AFP supplemen-
tation. Moreover, group A was also characterised by the in-
creased nitrogen retention. Indeed, some studies point that
more fermentable oligosaccharides are able to reduce N ex-
cretion in urine [Younes ef al., 1995; Howard et al., 2000].
The increased nitrogen retention in the present study may
explain why rats from group A had similar final BW to
the control animals despite the decreased apparent nitrogen
digestibility. A lack of the effect of apple dietary fibre on BW
of rats is also suggested by other authors, who have not found
any negative effects neither on diet intake nor on BW gain
of rats when 5% pectin-rich apple preparations were added to
the diet [Aprikian et al., 2003].

In the present study, the degree of bacterial fermenta-
tion in the caecal digesta was followed i.a. via the determi-
nation of microbial enzymatic activity. Both a-glucosidase
and a-galactosidase activity was significantly increased in rats
fed the AFP-supplemented diet. The increased bacterial activ-
ity in the caecal digesta might have led to the increased am-
monia utilization as a nitrogen source, and the significantly
lowered ammonia concentration observed in the caecal di-
gesta of group A supports that supposition. Topping [1996]
in his study has shown that the main source of nitrogen neces-
sary for proliferation of intestinal bacteria is ammonia derived
from urea which is produced by ureolytic bacteria. Further-
more, the decreased ammonia concentration is considered
a positive change because this compound can destroy cells,
alter nucleic acid synthesis, induce cancerous cell growth
and increase virus infections in the lower bowel upon admin-
istration of the usual Western diet [Visek, 1978]. In contrast to
the above-mentioned enzymes, the activity of B-glucuronidase
in the caecal digesta of group A was significantly decreased.
Roberton et al. [1982] have suggested that the most impor-
tant factor in the modulation of B-glucuronidase activity
in the rat’s large bowel is the bile flow. Indeed, dietary fibre
is the main factor that intensifies peristalsis and thus the bile
flow through the large intestine [Anderson & Hanna, 1999].
Some studies have also reported that polyphenols present
in an apple pomace and cereals can inhibit the enzymatic
activity of undesirable intestinal microbiota, such as trypto-
phanase, B-glucuronidase and B-glucosidase, which may play
positive roles in the limitation of colon cancer [Ohkami et al.,
1995; Lahouar et al., 2012].

The major metabolites of bacterial fermentation in the dis-
tal section of the digestive tract are SCFA. In the present study,
the AFP significantly increased the concentration of total
and particular SCFA in the caecal digesta of rats, especially
the concentration of propionate and butyrate whose pres-
ence in the large intestine is an important factor in sustaining
health of the local epithelium and suppression of cancerous
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TABLE 4. Bacterial enzyme activity and SCFA content in the caecal di-
gesta of rats.

TABLE 5. Blood biochemical parameters and antioxidant status
of rats.

Parameter ¢ A
Mean | SEM | Mean | SEM
Enzyme activity
(umol/h per g digesta):
a-Glucosidase 6.61 0.52 9.32% 1.09
B-Glucosidase 1.85 0.36 2.08 0.59
a-Galactosidase 2.76 0.34 6.87%  0.69
B-Galactosidase 36.9 1.96 39.6 1.87
B-Glucuronidase 5.78 0.45 3.95% 032
SCFA (umol/g digesta):
Acetic acid 449 3.11 56.3* 2.71
Propionic acid 9.84 0.8 13.6  0.62
Iso-butyric acid 0.64 0.08 0.51 0.07
Butyric acid 5.24 0.41 7.36% 0.6
Iso-valeric acid 0.69 0.07 058 0.02
Valeric acid 0.62 0.06 0.86*  0.02
Total SCFA 62.3 3.89 79.3* 3.46
SCFA profile (% total content):
Acetic acid 72 0.8 71 0.97
Propionic acid 16 0.4 17 0.7
Butyric acid 8 0.6 9 0.6

C, control saturated fat-rich high-fructose diet; A, saturated fat-rich high-
-fructose diet supplemented with 6.7% apple fibre preparation; SCFA,
short-chain fatty acids. * Significantly different from group C (P<0.05).

cell growth [O’Keefe et al., 2009]. It has been reported that
in colorectal tumour cells butyric acid can induce apopto-
sis and differentiation, as well can act as an active inhibitor
of proliferation, cell cycle, angiogenesis and histone deacety-
lase [Fung ef al., 2012]. Moreover, acetate and propionate
which are also significantly increased in the present study
can differentially influence fat metabolism; acetate seems to
promote lipogenesis in the liver, whereas propionate has been
reported to inhibit this process [Nishina & Freedland, 1990;
Demigné et al., 19951, however, there are strong evidences
suggesting that the inhibitory effect of propionate is rather
unlikely [Illman et al., 1988]. In the present study, the intensi-
fication of SCFA synthesis in group A resulted in just slightly
lowered pH value of the caecal digesta and significantly low-
ered pH of the colon digesta. It is noteworthy that the acidifi-
cation of the digesta promotes positive microbiota prolifera-
tion and decreases the growth of pathogenic bacteria species
[Topping & Clifton, 2001].

In this study, dietary fructose and lard were used to induce
metabolic changes related to the Westernisation of human eat-
ing habits. Numerous studies have reported that high fructose
and lard contents in the diet are associated with various unfa-
vourable metabolic disturbances in rodents, such as hyperlip-
idemia and hyperinsulinemia [Buettner et al., 2006; Poudyal
et al., 2010]. It is noteworthy, however, that lard was the sole
dietary source of fat in the present study, thus rats were de-
prived of essential fatty acids for 2 weeks. On the other hand,
Aprikian ef al. [2001] proved in an experiment on rats that
a moderate dietary supplementation of lyophilized apple con-
taining low amount of pectin (15% of the diet) exerted slight
plasma cholesterol-lowering effects. The same authors in an-
other study on rats have shown that the administration of diets

Parameter ¢ A
Mean | SEM | Mean | SEM
Glucose (mg/dL) 237 6.5 194* 7.9
TAG (mg/dL) 137 4.9 140 20.1
Total cholesterol (mg/dL) 122 8.1 141 5.8
HDL cholesterol (mg/dL) 493 1.5 45.7 1.3
(v
e s
SOD (U/mL) 298 14.1 312 14.5
ACW (nmol/mL) 50.7 4.9 49.1 4.3
ACL (nmol/mL) 523 1.6 54.3 2.0
TBARS (nmol/g tissue):
Kidney 129 7.1 121 6.4
Liver 77.1 1.9 76.9 0.9
Heart 81.7 39 71.9 0.4

C, control saturated fat-rich high-fructose diet; A, saturated fat-rich
high-fructose diet supplemented with 6.7% apple fibre preparation; TAG,
triacylglycerol; HDL, high-density lipoprotein; SOD, superoxide dis-
mutase; ACW, serum antioxidant capacity of water-soluble substances;
ACL, serum antioxidant capacity of lipid-soluble substances; TBARS,
thiobarbituric acid-reactive substances. * Significantly different from
group C (P<0.05).

containing 5% apple pectin and 10% high polyphenol freeze-
-dried apples effectively lowered circulating cholesterol and tri-
glyceride concentrations [Aprikian er al., 2003]. Moreover,
Krzysik ef al. [2011] in the study on rats demonstrated that
5% content of pectins in the diet significantly reduced plasma
total cholesterol level. In the present study, the dietary addition
of apple fibre preparation unfavourably decreased the propor-
tion of HDL cholesterol in the blood. It may be concluded that
the negative effect of the AFP supplementation was probably
a consequence of the reduced pectin content.

In the reported study, a favourable decrease of blood glu-
cose concentration was observed in rats fed with the AFP-
-supplemented diet. Takahashieral. [2005] have suggested that
the ingestion of cellulose increases digesta viscosity and thus
may delay glucose diffusion from the lumen of the upper gas-
trointestinal tract. Another potential mechanism by which
dietary fibre can reduce postprandial glycaemia is the inhi-
bition of mucosal disaccharidase activity as it was observed
in the present study. Both the mucosal sucrase and maltase
activities were significantly lowered in the small intestine
of rats from group A. It is noteworthy that such inhibitory
effect is especially desirable if the organism is at the risk
of diabetes and the reduced absorption of glucose and other
monosaccharidnes may improve the regulation of blood glu-
cose level [Juskiewicz et al., 2008]. Also, the blood glucose-
-lowering effect of apple consumption is suggested in human
studies [De Oliviera et al., 2003].

Ghibu et al. [2013] have shown that a high-fructose diet
(60% of the diet) can be used as a model to induce oxidative
stress in rats. Also, Zagrodzki ef al. [2007] have shown that
the diet high in fructose significantly changes the antioxidant
defence status of rats, which may be counteracted by the ad-
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dition of antioxidants. Furthermore, Maffei ef al. [2007] have
suggested that the consumption of whole apple provides
a useful dietary source of active scavengers to protect cells
and tissues from oxidative stress, whereas Juskiewicz et al.
[2012] have demonstrated that the polyphenol-rich fibre com-
plexes from apple pomace exert positive effects on the antioxi-
dant status of rats. In the present experiment, the parameters
of antioxidant status did not change after AFP administration
to a high-fructose diet. This can indicate that some important
antioxidants are separated from pomace during the produc-
tion of apple concentrate.

CONCLUSIONS

In conclusion, this study on rats fed with a saturated
fat-rich, high-fructose diet illustrates that the dietary supple-
mentation with a low-pectin fibre preparation obtained from
apple pomace as a by-product of apple concentrate process-
ing is still able to favourably affect the gut metabolism. More-
over, the dietary addition of the apple fibre preparation can
also ameliorate blood glucose concentration, which seems to
be related to the inhibition of mucosal disaccharidase activity.
However, the analysed preparation seems to have no influ-
ence on the antioxidant status of the organism and can ad-
versely affect cholesterol metabolism.
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