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bstract

The aim of this study was to investigate the effects of colloids isolated from apple pomace extraction juices (so-called B-juices) produced
y enzymatic liquefaction on food intake, levels of blood serum lipids, and fecal excretion of bile acids (BA) and neutral sterols (NS) in
ivo. Ten male Wistar rats per group were fed diets containing either no apple dietary fiber (DF) (control), a 5% supplementation with juice
olloids, or an alcohol-insoluble substance (AIS) from apples for 6 weeks. Apple DF in diets led to lower weight gain in rats fed with B-juice
olloids (P� 0.05). For these rats, food intake was not affected but was highest with feeding AIS (10% more than control) to cover energy
equirements. The supplementation of diet with apple DF from extraction juices or AIS had minor effects on blood serum lipids. In rats fed
ither juice colloids or AIS, up to 30% (5.31 �mol/g dry weight) and 88% (7.69 �mol/g dry weight) more primary BA were excreted in
eces, respectively, as compared to that in the control group (4.10 �mol/g dry weight) (P � 0.05). In cecal contents, a 15% (juice colloids)
o 37% (AIS) increase in primary BA was found. In contrast, concentrations of secondary BA were lower in feces of test groups (P � 0.05).
xcretion of total BA and NS was higher in rats fed apple DF (P � 0.05). Our study is the first to prove that there are beneficial physiologic
ffects of apple DF isolated from pomace extraction juices produced by enzymatic liquefaction. These results may help to develop such
nnovative juice products that are rich in DF of fruit origin for diminishing the lack of DF intake. © 2004 Elsevier Inc. All rights reserved.

eywords: Apple juice colloids; Pomace extraction; Blood lipids; Bile acids; Neutral sterols
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. Introduction

As indigestible food components, dietary fibers (DF)
lay an important role in nutrition because of their benefi-
ial physiological effects. They are able to influence lipid
etabolism, to bind water, and to increase viscosity as well

s volume of intestinal contents and fecal weight. In the
ntestines, DF interact with micelles via binding of bile
cids (BA), inhibiting digestive enzymes and absorption of
ertain nutrients [1]. Furthermore, DF have advantageous
hysiologic effects such as reducing serum levels of cho-
esterol and postprandial glucose as well as intestinal transit
ime by enhancing gut motility. In contrast to insoluble fiber
ources, soluble forms of DF such as pectin are more ef-
ective in their cholesterol-lowering properties [2–4].

* Corresponding author. Tel.: �49-33200-88386; fax: �49-33200-
8444.
hE-mail address: sembries@mail.dife.de (S. Sembries).

955-2863/04/$ – see front matter © 2004 Elsevier Inc. All rights reserved.
oi:10.1016/j.jnutbio.2003.12.005
In our part of the world, apples and their products are the
ost common consumed fruits. Besides polyphenols, apples

re a good source of DF. Until today, several studies have
een made on DF from apples in vivo, for example, pectin
5–7] and pomace [8–10] and their physiologic effects on
ipid metabolism. However, DF released into juice during
pple juice production has not yet been examined in vivo.

In addition, DF-rich juices offer a beneficial alternative
f DF-poor juices. Such physiologically valuable juice
roducts were obtained using liquefying enzymes, e.g., pec-
inases and cellulases, for production of apple juice in a
wo-step process [11]. After a common pectolytic mash
reatment in the first step and the separation of premium
uice (A-juice), the remaining pomace was extracted a sec-
nd time with cellulases and/or pectinases. Besides higher
uice yields, resulting juices contained higher amounts of
olyphenols and up to 10 times more DF [11–13]. DF-rich
olloids from so-called pomace extraction juices (B-juices)

ave been structurally characterized before [14].
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Until now, no data about physiologic effects of such
roduced pomace extraction juices as well as their DF-
ontaining juice colloids have been published. Therefore,
e first investigated and describe the effects of correspond-

ng B-juice colloids on lipid metabolism. In the present
tudy, DF-rich colloids from B-juices were isolated and
hysiologically examined in rats. Besides blood lipid pa-
ameters, food intake, body weight, and fecal excretion of
terols were monitored. An AIS prepared from apples with
lmost intact cell wall structure served as a counterpart to
oluble juice colloids released during enzymatic treatment
f apple pomace and was also tested.

. Methods and materials

.1. Materials

Juice colloids were isolated from apple pomace extrac-
ion juices 1B and 4B produced by enzymatic liquefaction
11] using preparative ultrafiltration (Bucher, Germany, cut-
ff 18,000) and subsequent alcohol precipitation (1 part
etentate � 5 parts 96% ethanol). Colloids were then dried
t 60°C. Extraction juice 1B was produced solely by water
xtraction of pomace without any additional enzymes,
hereas juice 4B was obtained after a pectolytic and cellu-

olytic pomace treatment. Alcohol-insoluble substance
AIS) was prepared from freshly harvested apples (variety
oskoop, Werder Frucht, Glindow, Germany). In portions,
5 kg of washed apples with skins and cores were crushed
nto small pieces in two parts of 96% ethanol using a
lender and an Ultra-Turrax T25 (Jahnke & Kunkel, IKA
abortechnik, Germany) and boiled under reflux for 15
inutes. The liquid phase was removed by suction, and the

emaining residue was washed with 65% ethanol and ex-
racted again. It was then sequentially dehydrated with 65%,
0%, and 96% ethanol followed by acetone. The vacuum-
ried AIS was milled to a particle size of �0.5 mm. The
otal DF content of juice colloids 1B obtained in retentate
as 56.9% (54.3% soluble, 2.6% insoluble DF), of juice

olloids 4B in retentate it was 80.1% (78.3% soluble, 1.8%
nsoluble DF), and of AIS it was 96.2% (22.9% soluble,
3.3% insoluble DF) as determined by Association of Of-
cial Analytical Chemists method [15].

.2. Animals and diets

The experimental protocol was performed in accordance
ith the guidelines of the ethics committee of the Ministry
f Agriculture, Nutrition and Forestry (State Brandenburg,
ermany; Permission No. L8-3560-0/3). Male Wistar rats

Shoe-Wistar; Tierzucht Schönwalde, Schönwalde, Ger-
any) having weights of 177 � 4 g were randomly divided

nto four groups of 10 animals each and were kept in a
emperature-controlled environment (22 � 2°C) with 12-

our light, 12-hour dark cycle. After adapting to control diet c
or a period of 1 week, the three test groups were fed a diet
upplemented with either DF-rich colloids isolated from
xtraction juice 1B or 4B or with AIS from apples for 6
eeks (Table 1). The control group rats were maintained on

he control diet. Rats had free access to water and to their
espective diets. Food consumption and body weight were
onitored weekly.

.3. Sampling procedures

On weeks 0, 3, and 6 of the experimental period, blood
amples were taken from eye plexus of ether-anesthetized
ats, after a 16-hour fast, for analysis of serum lipids. For the
etermination of BA and NS in fecal samples on weeks 0,
, 4, and 6, rats were separated and feces was collected for
4 hours. After 6 weeks of diet, rats were killed and luminal
ontents from cecum and colon were removed and analyzed
or BA and NS as well. Wet and dry weights and pH values
f intestinal contents were also determined.

.4. Analytical procedures

Triglycerides, total cholesterol, and HDL- and LDL-

able 1
omposition of the experimental diets (g/kg diet)

ngredient Diet

Control Colloids
1B

Colloids
4B

AIS

asein* 200 200 200 200
heat starch† 630 580 580 580

unflower oil‡ 50 50 50 50
icrocrystalline cellulose§ 50 50 50 50
ineral mixture¶ 50 50 50 50
itamin mixture¶ 20 20 20 20
olloids 1B — 50 — —
olloids 4B — — 50 —
IS — — — 50
F content (g/100 g dry weight)�

Total 6.2 9.8 8.4 12.7
Soluble 0.2 4.0 1.7 2.4
Insoluble 6.0 5.8 6.7 10.3

* Hermann Kröner GmbH Co. KG, Ibbenbüren, Germany.
† Bayerische Milchindustrie eG, Landshut, Germany.
‡ Plus Vertriebs GmbH, Mühlheim/Ruhr, Germany.
§ J. Rettenmaier & Söhne GmbH & Co., Ellwangen-Holzmühle/Ger-
any.
¶ Altromin GmbH, Lage, Germany.
Mineral mixture (mg/kg): Ca (146070.34), P (97355.04), Mg (8784.27),

a (39229.41), K (116496.45), S (10535.81), Cl (63510.38), Fe (2931.22),
n (1733.86), Zn (387.54), Cu (85.21), I (7.50), Mo (3.31), F (70.08), Se

3.84), Co (2.06), Al (0.07). Vitamin mixture (mg/kg): vitamin A (750000
U), vitamin D3 (25000 IU), vitamin E (7500), vitamin K3 (500), vitamin

1 (1000), vitamin B2 (1000), vitamin B6 (750), vitamin B12 (1500),
icotinic acid (2500), pantothenate (2500), folic acid (500), biotin (10),
holine chloride (50000) p-aminobenzoic acid (5000), inosit (5000), vita-
in C (1000), methionine (173250).
� As determined by AOAC method [15].
AIS � alcohol-insoluble substance.
holesterol were determined enzymatically in blood serum
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amples using commercial kits (Olympus Diagnostica
mbH, Hamburg, Germany). BA and NS were analyzed by
igh-performance liquid chromatography and high-perfor-
ance thin-layer chromatography, respectively. Preparation

f fecal samples for analysis of BA and NS as well as
nalytical conditions were performed as previously de-
cribed [16].

.5. Statistical analysis

Results are expressed as mean � SD. Data were ana-
yzed by an unpaired Student’s t test. Values of P � 0.05
ere considered to be significant.

. Results

.1. Food intake and body weight

During the entire 6-week experimental period, food in-
ake was 22.3 � 1.6 g/day, 20.4 � 4.3 g/day, 20.2 � 4.8
/day, and 24.0 � 2.8 g/day for rats fed the control diet,
uice colloids 1B or 4B, and AIS, respectively. Body weight
ncreased in all groups (mean 180 � 19 g). Weight gain was
ighest in the control group (207 � 31 g) and lowest in the
roup given juice colloids 4B (156 � 19 g). Test groups fed
iets supplemented with juice colloids 1B and AIS in-
reased their body weight of 170 � 26 g and 189 � 17 g
ithin 6 weeks.

.2. Total intestinal contents and pH values

In rats fed with apple DF, higher amounts of cecal
ontents were found, which differed in wet and dry weights
rom those of control animals (P � 0.05) (Table 2). Sup-
lementation with colloids 4B also resulted in increased
ontents in the distal colon. DF from apples led to lower
uminal pH values in the cecum and colon (P � 0.05). The
owest pH values were measured in animals given the AIS-

able 2
ffect of colloids isolated from apple pomace extraction juices produced
n pH values and total wet and dry weight (g) of intestinal contents in ra

iet Cecum

pH Value Wet Weight Dr

ontrol 7.2 � 0.1 2.81 � 0.40 0.7
olloids 1B 6.9 � 0.2† 3.76 � 0.46† 0.9
olloids 4B 7.0 � 0.2† 3.60 � 0.51† 0.8
IS 6.6 � 0.2† 6.51 � 0.99† 1.4

Values are means � SD for 8–10 animals per group.
* Data refer to distal colon.
† Different from control (P � 0.05).
ontaining diet.
.3. Serum lipids

A 5% dietary supplementation with apple DF from ex-
raction juices or AIS for 6 weeks had minor effects on
erum lipid levels. Only in rats fed the diets with colloids
solated from extraction juice 4B did total cholesterol and
DL-cholesterol slightly decrease to 1.65 � 0.30 mmol/L

nd 0.58 � 0.07 mmol/L, respectively, as compared to those
f control animals (total cholesterol 2.09 � 0.34 mmol/L,
DL-cholesterol 0.70 � 0.06 mmol/L), whereas LDL-cho-

esterol slightly increased (Table 3). HDL-cholesterol levels
f the test group fed a diet supplemented with 1B colloids
ere comparable to those of the group given 4B colloids

0.63 � 0.07 mmol/L). However, serum lipid levels re-
ained within the normal range for all groups.

matic liquefaction and of alcohol-insoluble substance (AIS) from apples

Colon*

ht pH Value Wet Weight Dry Weight

1 6.8 � 0.1 0.75 � 0.40 0.41 � 0.16
0† 6.6 � 0.1† 0.94 � 0.35 0.45 � 0.10
4† 6.6 � 0.1† 1.15 � 0.26† 0.59 � 0.12†

4† 6.3 � 0.1† 0.81 � 0.44 0.35 � 0.17

able 3
ffect of colloids isolated from apple pomace extraction juices produced
y enzymatic liquefaction and of alcohol-insoluble substance (AIS) from
pples on serum lipids in rats

erum Lipids
mmol/L)

Diet

Control Colloids 1B Colloids 4B AIS

riglycerides
Week 0 0.93 � 0.35 0.88 � 0.26 0.99 � 0.25 1.03 � 0.32
3 0.76 � 0.26 0.95 � 0.26 1.00 � 0.25 0.77 � 0.17
6 0.95 � 0.43 1.04 � 0.27 1.08 � 0.28 0.69 � 0.25

otal cholesterol
Week 0 2.14 � 0.38 2.38 � 0.50 2.12 � 0.31 2.23 � 0.36
3 2.14 � 0.49 1.86 � 0.31 1.62 � 0.21 1.96 � 0.36
6 2.09 � 0.34 1.86 � 0.27 1.65 � 0.30* 1.86 � 0.25

DL
Week 0 0.68 � 0.13 0.83 � 0.12 0.82 � 0.07 0.69 � 0.11
3 0.70 � 0.06 0.71 � 0.09 0.65 � 0.08 0.67 � 0.09
6 0.70 � 0.06 0.63 � 0.07* 0.58 � 0.07* 0.70 � 0.12

DL
Week 0 1.37 � 0.27 0.81 � 0.30 0.95 � 0.26 1.16 � 0.37
3 1.15 � 0.28 1.15 � 0.47 1.35 � 0.37 0.87 � 0.48
6 1.06 � 0.43 1.02 � 0.46 1.50 � 0.29* 1.07 � 0.19

Values are means � SD for 10 animals per group.
by enzy
ts

y Weig

2 � 0.1
1 � 0.1
8 � 0.1
0 � 0.3
* Different from control after 6 weeks of respective diet (P � 0.05).
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.4. BA in intestinal contents and feces

In fecal samples, a wide spectrum of BA were found,
hich consisted mainly of �- and �-muricholic acid

MCA), hyodeoxycholic acid (HDCA), deoxycholic acid
DCA), and lithocholic acid (LCA). Although the pattern of
A was found similar for all animal groups, distinct differ-
nces in individual BA were detected (Table 4). Apple
olloids isolated from extraction juices as well as the AIS
aused an increase in the excretion of primary BA after 6
eeks of diet (P � 0.05). In feces of rats fed with either

uice colloids 1B or 4B and AIS 30% (5.31 �mol/g dry
eight) and 88% (7.69 �mol/g dry weight) more primary
A were found, respectively, as compared to control (4.10
mol/g dry weight) (Fig. 1). Similar proportions were ob-

ained for primary BA in colonic contents. In cecal contents,
15 and 37% higher amounts of primary BA were detected

or juice colloid– and AIS-containing diets, respectively.
he main primary BA consisted of �- and �-MCA, cholic
cid (CA), and chenodeoxycholic acid (CDCA). Tauro-
onjugated BA were present only in luminal contents of
ecum (15–17%) and colon (1.5–3%), especially conjugates
f CA, CDCA, and DCA. In contrast, the microbial trans-
ormation of primary into secondary BA (DCA, LCA,
DCA) was reduced in feces of all three test groups (col-

oids 1B: �12%; colloids 4B: �7%; AIS: �25%) (P �
.05). Percentages of secondary BA in feces were in corre-
pondence with those found in colonic samples. In cecum, a
ecrease in secondary BA of �1–2% (juice colloids) and
% (AIS) was observed. However, excretion of total BA

able 4
ffect of colloids isolated from apple pomace extraction juices produced
n fecal excretion of bile acids (BA) after 6 weeks of diet

ntestinal content/Diet Primary BA �mol/g Dry Weight

TCA CA 7KDCA TCDCA CDCA

ecum
Control 0.84 0.72 0.03 0.11 0.57
Colloids 1B 0.78* 0.81* 0.04 0.11 0.62*
Colloids 4B 0.78* 0.79* 0.04 0.11 0.59
AIS 0.86 0.96* 0.05* 0.11 0.65*

olon†

Control 0.16 0.34 0.09 0.06 0.42
Colloids 1B 0.09* 0.83* 0.20* 0.07 0.65*
Colloids 4B 0.12* 0.87* 0.18* 0.04 0.65*
AIS 0.11* 1.43* 0.35* 0.03* 0.74*

eces
Control n.d. 0.42 0.11 n.d. 0.44
Colloids 1B n.d. 0.83* 0.20* n.d. 0.61*
Colloids 4B n.d. 0.76* 0.19* n.d. 0.67*
AIS n.d. 1.51* 0.34* n.d. 0.92*

Values are means for 10 animals.
* Different from control (P � 0.05).
† Data refer to distal colon. n.d. � not detected. TCA � taurochol

aurochenodeoxycholic acid; CDCA � chenodeoxycholic acid; UDCA �
CA � deoxycholic acid; 12KLCA � 12-ketolithocholic acid; LCA � l
as also higher in the test groups (P � 0.05) (Fig. 2). With f
solated B-juice colloids in diet higher concentrations of
otal BA were excreted (�3% for 1B, 5% for 4B), even

13% more with the AIS-containing diet. In all rat groups,
70% of the excreted BA belonged to the chenodeoxy-

holic acid family and 30% to the cholic acid family.

.5. NS in feces and intestinal contents

As a second group of steroids, NS were determined in
eces and intestinal contents. Levels of total and individual
S in feces of control animals remained stable during the

ntire experimental period (�20 �mol/g dry weight),

matic liquefaction and of alcohol-insoluble substance (AIS) from apples

Secondary BA �mol/g Dry Weight

�-MCA �-MCA TDCA DCA 12KLCA LCA HDCA

1.26 1.29 0.76 0.58 0.09 1.58 2.13
1.49* 1.73* 0.70* 0.71* 0.09 1.93* 1.60*
1.53* 1.68* 0.75 0.75* 0.10 1.86* 1.64*
1.91* 2.09* 0.80 0.87* 0.11 1.52 1.65*

1.63 1.23 0.15 1.85 0.86 1.77 2.78
1.88* 1.67* 0.09* 1.40* 0.73* 1.79 2.25*
1.90* 1.46* 0.07* 1.44* 0.76* 1.77 2.57*
2.68* 1.98* 0.05* 1.44* 0.74* 1.46* 1.63*

1.69 1.24 n.d. 2.06 0.94 1.88 2.82
1.98* 1.52* n.d. 1.61* 0.97 1.71* 2.50*
2.03* 1.45* n.d. 1.77* 0.89 1.72* 2.75*
2.83* 1.95* n.d. 1.52* 0.87* 1.42* 1.85*

; CA � cholic acid; 7KDCA � 7-ketodeoxycholic acid; TCDCA �
xycholic acid; MCA � muricholic acid; TDCA � taurodeoxycholic acid;
lic acid; HDCA � hyodeoxycholic acid.

ig 1. Excretion of primary and secondary bile acids (BA) in feces of rats
ed control or 5% apple dietary fiber (DF) diet (colloids 1B or 4B from
xtraction juices or alcohol-insoluble substance [AIS]) for 6 weeks. *Dif-
by enzy

UDCA

0.15
0.16
0.18*
0.16

0.19
0.18
0.22
0.17

0.20
0.17*
0.21
0.14*

ic acid
ursodeo
ithocho
erent from control (P � 0.05).
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hereas excretion of NS increased in test groups fed with
pple DF (P � 0.05) (Table 5). During intestinal passage,
holesterol was microbially converted into coprostanol,
hich was the dominating NS in colonic and fecal material.
igher coprostanol concentrations of 21–27% were found

n feces of test groups as compared to control. Absolute
oncentrations of cholesterol, cholestanon, and coprostanon
ere also raised in intestinal samples of apple DF groups;
owever, to a lesser extent. Almost no cholestanon was
etected in cecal contents. In the cecum, �75% of NS

ig 2. Excretion of total bile acids (BA) in feces of rats fed control or 5%
pple dietary fiber (DF) diet (colloids 1B or 4B from extraction juices or
lcohol-insoluble substance [AIS]) for 6 weeks. *Different from control (P

0.05).

able 5
ffect of colloids isolated from apple pomace extraction juices produced
n fecal excretion of neutral sterols (NS) after 6 weeks of diet

ntestinal Content/Diet �mol/g Dry Weight

Cholesterol Coprostanol

ecum
Control 13.99 � 0.60 4.08 � 0.1
Colloids 1B 14.43 � 0.44 4.49 � 0.3
Colloids 4B 14.40 � 0.37 4.42 � 0.1
AIS 15.18 � 0.54* 4.69 � 0.1

olon†

Control 7.45 � 0.10 9.98 � 0.2
Colloids 1B 7.53 � 0.24 12.23 � 0.3
Colloids 4B 7.76 � 0.16* 12.32 � 0.2
AIS 7.31 � 0.17 13.45 � 0.2

eces
Control 5.82 � 0.08 11.37 � 0.6
Colloids 1B 6.42 � 0.12* 14.06 � 0.6
Colloids 4B 6.31 � 0.15* 13.74 � 0.7
AIS 6.35 � 0.16* 14.40 � 0.5

Values are means � SD of 10 animals per group.
* Different from control (P � 0.05).
† Data refer to distal colon.

n.d. � not detected.
elonged to cholesterol, in colon 29–38% and in feces
5–29%.

. Discussion

In this study, we first describe the physiologic effects of
F-rich colloids isolated from apple pomace extraction

uices. Juice colloids contained �57% and �80% DF which
ad mainly soluble character according to the AOAC
ethod [15]. Most of these soluble DF components be-

onged to the pectin fraction [14]. Besides isolated colloids
rom extraction juices tested, an AIS prepared from apples
as investigated representing the counterpart of intact cell
all architecture. It contained mainly insoluble DF

�73%).
Apple DF in experimental diets led to lower weight gain,

hich was significant for animals fed with B-juice colloids
P� 0.05). Similar results were observed in Wistar rats fed
guar gum diet consisting of 75% soluble DF [17]. Lower
eight gain with apple DF was also shown in obese Zucker

ats [18]. When feeding AIS highest food intake was ob-
erved (10% more than control) for covering energy re-
uirements. This diet contained almost twice as much DF
han control, mainly consisting of insoluble cell wall mate-
ial such as cellulose. In rats, a higher food consumption for
iets supplemented with cellulose was also reported in pre-
ious studies [19,20]. However, a �55 (colloids 1B) or 36%
colloids 4B) higher DF content in diets did not affect food
ntake. Bravo et al. [10] found no difference in food con-
umption as well as in weight gain in rats when given a diet

matic liquefaction and of alcohol-insoluble substance (AIS) from apples

Cholestanon Coprostanon Total NS

n.d. 0.26 � 0.06 18.33 � 0.65
n.d. 0.24 � 0.05 19.16 � 0.59*

0.01 � 0.01 0.23 � 0.05 19.06 � 0.34*
0.01 � 0.01 0.29 � 0.05* 20.17 � 0.44*

0.21 � 0.04 1.99 � 0.08 19.63 � 0.24
0.46 � 0.08* 3.15 � 0.17* 23.37 � 0.51*
0.51 � 0.08* 2.83 � 0.14* 23.42 � 0.31*
0.66 � 0.06* 3.40 � 0.18* 24.82 � 0.19*

0.65 � 0.04 2.49 � 0.08 20.33 � 0.70
0.65 � 0.03 3.05 � 0.08* 24.18 � 0.67*
0.73 � 0.03* 3.08 � 0.09* 23.86 � 0.77*
0.81 � 0.04* 3.59 � 0.19* 25.15 � 0.59*
by enzy

5
6*
4*
6*

0
4*
3*
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ith a 10% supplementation of apple pulp or without ad-
itional DF.

A 5% supply of DF from apples in experimental diets did
ot affect lipid levels in serum. Only levels of cholesterol
ad the property to decrease with these diets. Being soluble
F, pectin has serum cholesterol–lowering properties [2],

lso in normal lipidemic rats [6,7]. On the other hand, a 5%
r 7% pectin supplementation of diet was sufficient to
ecrease cholesterol in serum and liver, whereas in alimen-
al hypercholesterolemic rats fed diets with 5% pomace
rom apples [8] or from tomato or grapes [9] almost no
ffects were observed except for cholesterol in liver. Serum
holesterol levels only decreased when adding 15% of pom-
ce.

Feeding DF from apples led to a higher water binding of
hymus, especially in rats fed with AIS, as indicated by dry
eights of cecal contents. In contrast to our findings, feed-

ng 10% apple pulp from apples resulted in higher dry and
et weights of feces as well [10]. In the lower parts of

ntestine such as the colon, only minor differences in dry
nd wet weights were detected.

Furthermore, excretion of primary BA (CDCA, CA,
MCA, �MCA) in feces was increased after the apple DF
iet for 6 weeks (P � 0.05), whereas concentrations of
econdary BA (DCA, HDCA) decreased (P � 0.05). Sec-
ndary BA are discussed as potential promoters in colon
ancerogenesis [21]. Because of bacterial DF fermentation,
he activity of responsible converting enzymes is reduced at
ower fecal pH values, e.g., the conversion of CDCA into
CA by 7�-dehydroxylase [22]. However, at the main site
f bacterial fermentation in rats—the cecum-, lower pH
alues were obtained with DF from apples. Additionally,
igher amounts of total BA were found in feces of these
nimals (P � 0.05). Distribution of BA was �70% CDCA
amily and �30% CA family. The soluble DF component
ectin is known to interact with BA under conditions
resent in the small intestine [23] resulting in an enhanced
ransport of BA into the lower intestinal parts. Pectin in-
reases fecal excretion of BA, influences hepatic synthesis
f BA and cholesterol, and finally reduces levels of serum
holesterol [1,6,7,24]. During passage through intestine,
auro-conjugated BA were completely deconjugated by en-
ymes of the intestinal microflora. Only in contents of the
pper gut parts, some tauro-conjugates were found.

Similar effects were observed for NS. Total NS and
oprostanol concentrations were higher in rats fed apple
F-containing diets. Pectin from apples is known to in-

rease cholesterol excretion in feces [7,24]. As a result of
icrobial transformations, greater amounts of its metabo-

ites coprostanon (cecum, colon) and cholestanon (colon)
ere found in intestinal contents and feces of rats with apple
F diets. Absorption of BA and NS is partially inhibited
ue to interactions between DF (pectin) and BA. As a
onsequence, the pool of BA as well as lipid metabolism
ack cholesterol, which is mobilized from depot or synthe-

ized de novo [25]. Therefore, reduction of serum choles-
erol constitutes a positive side effect of consuming DF-rich
iets.

In this study, we found several in vivo effects of DF
solated from apple pomace extraction juices produced by
nzymatic liquefaction in rats. Our study provides results on
eneficial physiologic effects on cholesterol metabolism,
hich make such DF-rich extraction juices promising
ealthy and innovative fruit products. Furthermore, apple
omace extraction juices produced with the use of cellulases
re enriched with DF of apple origin and may help to
iminish the lack of daily recommended DF intake of at
east 30 g.
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