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Traditional fruits (especially apples) and vegetables have
many healthy properties. The positive influence of these
natural products is attributted to their bioactive compounds:
dietary fibre and antioxidants, mainly phenolic compounds,
flavonoids, phenolic acids (3, 5, 7, 12, 13).

As it has been shown, diets rich in dietary fibre and other
bioactive substances have decreased the risk of civilisation
diseases (coronary artherosclerosis, obesity and cancer)
(16). It is well known that phenolic compounds possess
antioxidant properties and prevent the oxidation of low
density lipoprotein cholesterol (LDL-C) (20).

The amount of these biologically active compounds can
vary in different parts of fruits and may influence lipid
metabolism and antioxidant activity in humans in a diffe-
rent way. The aim of this study was to compare the amount
of some bioactive compounds in peels and pulp obtained
from apples and to evaluate the influence of these products
on the digestibility and plasma lipid profile in rats fed dif-
ferent diets with or without cholesterol.

Material and methods
In vitro study. Apples (Malus domestica Borkh var. Golden

delicious) were washed in distillated water and peeled in order to
separate peels and pulp. Peels and pulp were stored in �18°C,
then cut into small pieces (2 mm), freeze-dried, ground up and
placed in plastic bags of N

2
 atmosphere until the beginning of the

experiments in animals. Dietary fibre, total polyphenols, flavo-
noids, phenolic acids and total radical-trapping antioxidative

potential (TRAP) in fresh material (peels and pulp) were deter-
mined. The content of total dietary fiber and also its soluble and
insoluble fraction according to Prosky et al. (15), total poly-
phenols (after extraction with ethanol) using Folin-Ciocalteu
reagent (17), total colorimetrically (4), phenolic acids according
to Garcia-Sanches et al. (6) and TRAP (in methanolic extract)
according to Slavikova et al. (18) were determined.

In vivo study. Two experiments, lasting 21 days each, on male
Wistar rats with an initial body weight of 85-95 g were perfor-
med. In the first experiment animals were divided into three
groups: the control (C) receiving a semipurified diet containing
5% of cellulose and experimental groups with 5% of apple peels
(PE) or apple pulp (PU) (instead of cellulose). In the second expe-
riment rats were also divided into three groups: the control (C)
which was fed the standard diet (LSM), experimental groups with
1% of cholesterol (CCH) without supplementation and 5% of
apple pulp supplementation (CCHPU). Rats were housed in indi-
vidual plastic cages at temperature 24 ± 2°C with a 12 h light :
dark cycle. Water and feed were provided ad libitum, food intake
and body gain were monitored.

The apparent digestibility of dry matter and protein in the third
week of each experiment were estimated. For this purpose faeces
were collected for five days and dry matter (105°C) and nitrogen
(Kjeltec-Tecator) were determined.

Rats were anaesthetised and blood samples were taken from
the left ventricle of the heart for plasma lipid profile determina-
tion. The following were calculated: total cholesterol (TC), tri-
glycerides (TG) and high density lipoproteins (HDL-C) accor-
ding Randox enzymatic kit reagents were determined, low densi-
ty lipoproteins (LDL-C) according to Tsi at al. (19).
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Statistical evaluation. Data were analyzed statistically and
variance analysis method (ANOVA) was performed. Duncan
multiple range test to determine the differences between groups
was used. Differences between the means at the level of P £ 0.05
were considered as significant.

Results and discussion
Bioactive components (dietary fibre, antioxidants) are

a very important ingredients of a healthy diet. As it was
shown in tab. 1, the amount of total dietary fibre was
higher in apple peels than in apple pulp, a similar relation
for soluble and insoluble dietary fibre fractions was found
and also in relation to other fruits (13). Dietary fibre pro-
ves different physiological effects: SDF fraction became
viscous after being mixed with water, high viscosity delay
gastric emptying and slower transport digesta along the
small intestine and also influences of lower rate of gluco-
se, lipid or sterols absorption (11). Insoluble fiber fraction
influences the transit of digesta and intestinal regulation,
protects against diverticulosis, constipation and cancer in
the gut. High dietary fiber-containing diets are associated
with the prevention and treatment of different diseases,
so health organizations have recommended ingestion of
30-45 g dietary fibre daily.

Characteristics of some phenolic components included
in apple peels and pulp is presented in tab. 2. The contents
of phenolic acids were higher in fresh apple peels than in
pulp (peeled apples); caffeic, p-coumaric and ferulic acids
in pulp amounted about 70.4, 76.7 and 83.6% of its con-
tents in peels, respectively. Total polyphenols in fresh
peels amounted to 107 mg/100 g, and in pulp was lower
by over 36%. The content of flavonoids was 45 vs 14 mg/
100 g for peels and pulp (over 69% less), respectively. The
amount of dietary fibre and other bioactive substances in
an apple is higher than in other traditional fruits (peach,
pear) (7) and higher in peels than in peeled fruits (2, 13,
14). It is known that phenolic compounds possess antioxi-
dant properties and prevent oxidation of low density lipo-
protein cholesterol (5), and their consumption is inversely
related to coronary artheriosclerosis and stroke (10).

The higher content of the bioactive compounds in apple
peels had an influence on total radical-trapping antioxida-
tive potential value which was over two fold higher in fresh
peels than in pulp (6.91 vs 3.21) (tab. 2). As it was shown
in our previous paper there is a high correlation between
total polyphenols and TRAP values in fruits (7, 13), which
could have a positive influence on plasma antioxidant ca-
pacity and lipids in laboratory animals.

In our study the effect of two different rat diets semisyn-
thetic and LSM, supplemented with 5% of apples peels and
pulp was evaluated on performance. The 5% addition of
freeze-dried apple peels or pulp to the semisynthetic diet
for rats (experiment 1) did not significantly affect food in-
take, body weight gain or feed efficiency ratio (FER) (data
not shown). Dry matter digestibility was similar in all rats
and amounted to 92.5% on average. However protein di-
gestibility was significantly lower in groups PE and PU
(an average 83.2%) than in group C (85.5%) that was fed
a semipurified diet (tab. 3).

Another reaction in atherogenic rats that received a diet
with a similar amount of apple pulp was conducted (tab. 4).
The supplementation of standard cholesterol diet (LSM)
with 5% of apple pulp decreased (P £ 0.05) feed intake by

(12.0%) and body gain by (12.2%). Dry matter and protein
digestibility were also lower in group CCHPU than in CCH
(7.3 and 13.3%, respectively). The diminishing of dry mat-
ter and protein digestibility in atherogenic rats obtaining
different sources of dietary fibre (high methoxylated citrus
pectin, apple pomace, potato fibre �Povex�, sugar beet pulp)
was also presented by Gralak et al. (8). As it is shown in
tab. 4, nitrogen retention was diminished by 41.7% in rats
from CCHPU in comparison to the CCh group. These re-
sults indicated that apples possess slimming properties and

metI MSLlortnoC HCC UPHCC

yad/g,ekatnideeF 8.81 b 3.81 b 1.61 a

yad/g,niagydoB 1 2.5 b 1 9.4 b 1 3.4 a

g/g,REF 26.3 a 37.3 b 47.3 b

:%,ytilibitsegiD

__ rettamyrD 2.47 c 5.86 b 5.36 a

__ nietorP 5.17 c 4.56 b 7.65 c

yad/g,noitneter-N 24.0 c 42.0 b 41.0 a

Explanation: a-c � means in columns tagged with the different
letter differ at P £ 0.05

Tab. 4. The influence of freeze-dried apple pulp on perfor-
mance and the apparent digestibility (%) of dry matter and
protein, and nitrogen retention in rats fed LSM diets supple-
mented with cholesterol (n = 5)

metI ytilibitsegidrettamyrD ytilibitsegidnietorpedurC

CpuorG 2.19 a 5.58 b

EPpuorG 4.39 a 0.38 a

UPpuorG 8.29 a 4.38 a

Explanation: a-b � means in columns tagged with the different
letter differ at P £ 0.05

Tab. 3. The influence of freeze-dried apple peels and pulp on
the apparent digestibility (%) of dry matter and protein in
rats (n = 5)

metI sleepelppA plupelppA

:sdicacilonehP

xxx cilureF 431 211

xxx ciramuoc-p 425 963

xxx cieffaC 9952 4991

slonehpyloP 701 86

sdionovalF 54 41

PART 19.6 12.3

Tab. 2. Content of phenolic acids (mg/kg�1), polyphenols (mg
GAEs/100 g), flavonoids (mg/100 g of catechin equivalent)
and TRAP (mmol/ml�1) in fresh apple peels and pulp

Tab. 1. Dietary fibre and its fractions (g/kg�1) in fresh apple
peels and pulp

metI sleepelppA plupelppA

)FDT(rebifyrateidlatoT 7.82 8.12

)FDI(noitcarfelbulosnI 9.71 0.31

)FDS(noitcarfelbuloS 8.01 1 9.8
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can be use in connection with obesity in human with high
cholesterol levels as well as in animals. It can also be
pointed out that apple pulp and cholesterol positively
influence calcification of bones, but a high level of chole-
sterol reduces (P £ 0.05) bioavailability and/or storage of
magnesium (9).

Products obtained from apples influenced the lipid pro-
file of rats fed the semipurified diet or atherogenic diet
(LSM) in a different way (tab. 5 and 6). In normal rats
apple peels and pulp (sources of dietary fibre and antioxi-
dants) slightly changed the lipid profile in plasma: total
cholesterol, its fractions of low density lipoprotein (LDL)
and high density lipoprotein (HDL), as well as triglicerides
(TG) (tab. 5). As it is presented in tab. 6, total cholesterol
and its fraction LDL significantly decreased only when the
1% cholesterol diet was supplemented with 5% of apple
pulp. Apple peels and pulp (also isolated from peach and
pear), had a hypolipidemic effect in rats fed atherogenic
diets in our previous investigations (13, 14). Our results
also agree with data presented by others (1) who had de-
monstrated that lyophilized apple counteracts the develop-
ment of hypercholesterolemia.

Based on plasma TC and HDL-C contents the atheroge-
nic index in rats� plasma was calculated. The highest value
of this index (the best) was stated in a group fed the semi-
purified diet with apple peels, rich in bioactive compounds
and also in rats fed the LSM cholesterol diet with the apple
pulp addition.

Conclusion
In conclusion we can say that apple peels have a higher

content of dietary fibre, as well as other bioactive compo-
unds (polypenols, phenolic acids, flavonoids) and TRAP

value, than apple pulp and can influence the antioxidant
capacity in rats.

The inclusion of 5% freeze-dried apple peels or pulp in
the semipurified diet without cholesterol decreased protein
digestibility but did not significantly affect the plasma
lipid profile in rats. The inclusion of 5% freeze-dried apple
pulp in the standard LSM diet with 1% of cholesterol dimi-
nish performance indices as well as apparent digestibility,
but significantly improved the lipid profil. These products
may to be used in individual consumption, especially in
patients with a high plasma cholesterol level, in obesity
and in the prevention of cardiovascular and other diseases.
It seems that the products can be suitable for industrial pro-
cessing.
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Explanation: AI* Atherogenic index = HDL-C/TC-HDL-C

metI CpuorG
)teiddeifirupimes(

EPpuorG UPpuorG

CT 92.0±48.2 42.0±75.2 12.0±66.2

C-LDH 70.0±26.1 60.0±95.1 90.0±55.1

C-LDL 32.0±12.1 81.0±89.0 12.0±41.1

GT 50.0±96.0 40.0±27.0 40.0±07.0

CT/C-LDH 75.0 16.0 85.0

*IA 33.1 26.1 63.1

Tab. 5. The influence of freeze-dried apple peels and pulp on
plasma lipid profile (mmol/L) in rats fed semipurified diets

metI CpuorG
)teidMSL(

HCCpuorG UPHCCpuorG

CT 41.2 a 98.2 c 35.2 b

C-LDH 92.1 a 52.1 a 04.1 a

C-LDL 98.0 a 06.1 c 31.1 b

GT 73.1 a 54.1 a 64.1 a

CT/C-LDH 06.0 c 34.0 a 55.0 b

*IA 25.1 c 67.0 a 42.1 b

Explanation: as in tab. 3.

Tab. 6. The influence of freeze-dried apple pulp on plasma
lipid profile (mmol/L) in rats fed the LSM diet


