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ABSTRACT The purpose of this study was to investigate the influence of apple pomace (AP) and apple juice concentrate

(AC) supplementation on body weight and fat loss as well as lipid metabolism in obese rats fed a high-fat diet. Diet-induced

obese rats were assigned to three groups (n = 8 for each group): high fat diet (HFD) control, HFD containing 10% (w/w) AP,

and HFD containing 10% (w/w) AC. There was also a normal diet group (n = 8). After 5 weeks, body weight gain, adipose

tissue weight, serum and hepatic lipid profiles, liver morphology, and adipocyte size were measured. Body weight gain, white

adipose tissue (WAT) weight, serum total cholesterol, low-density lipoprotein cholesterol and triglyceride concentrations,

epididymal adipocyte size, and lesion scores were significantly lower and serum high-density lipoprotein cholesterol con-

centration and brown adipose tissue weights were significantly higher in the AP and AC groups compared with the HFD

group. In addition, atherogenic indices in the AP and AC groups were significantly lower than in the HFD group. These results

indicate that supplementing apple products such as AP and AC may help suppress body weight and WAT gain, as well as

improve lipid profiles in diet-induced obese rats.
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INTRODUCTION

Numerous epidemiological studies have indicated
that fruits and vegetable consumption is positively

related to a lower prevalence of chronic diseases, including
cardiovascular disease (CVD), cancer, and diabetes.1–4 The
positive effects of fruits and vegetables are often attributed
to dietary fiber (DF) and phenolic compounds. DF and
polyphenols induce body weight and fat loss in obese
people and improve lipid profiles of CVD patients.5,6

However, the biological mechanisms of these effects are
not entirely clear.

In 2007, the consumption of apples and apple products by
the Korean population reached *8.9 kg per capita, second
only to mandarin oranges at 16.8 kg per capita. Apples and
their products are popular, partly because they are available
year round in a variety of forms (fresh fruit, juice, jam and
jellies, etc.).7 Apples contain nutritionally important phy-
tochemicals such as polyphenols, flavonoids, and DF.
Although the amount and type of phytochemicals can vary
greatly depending on the processing procedure and maturity
of the apple, it varies most depending on which part of the

apple is consumed. In general, the apple peel is abundant in
phytochemicals, whereas apple flesh is not, and unripe ap-
ples are richer in polyphenols than are ripe apples. The
processing of apples for their juice causes a substantial loss
of polyphenols.

Apple juice is obtained from fresh apples by pulping and
straight pressing, with the apple pomace (AP) remaining as
the residue after the extraction process. AP has a concen-
tration of high polyphenols and flavonoids, including p-
coumaric acid, gallic acid, ferulic acid, ptocatehuic acid,
epicatechin, and vanillic acids.8 AP is also a rich source of
soluble DF (pectin), which is recommended to be the source
of *30–50% of total DF intake because of its cholesterol-
lowering effects.9 Diets high in DF are associated with the
prevention and treatment of diverticular diseases, CVD, and
colon cancer.10 Hence, dried AP is a potential food source of
various bioactive compounds.

Recently, claims have also been made that unsweetened,
undiluted apple juice may prevent CVD and some can-
cers.11,12 A commercial apple juice that has been sweetened
and diluted during the manufacturing process has relatively
low polyphenols and scarce DF content.10 Apple juice
concentrates (ACs) are routinely prepared from apple juice
production by concentrating apple juice 3–5 times. Thus,
unsweetened, undiluted apple juice is preferred compared
with sweetened, diluted apple juice by health-conscious
consumers nowadays.
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Health benefits of apples are undoubtedly due in part to
the presence of DF and/or phytochemicals. More specifi-
cally, the positive effects of apples may come from their
potential to lower cholesterol: plasma and liver cholesterol
levels drop significantly after eating lyophilized apples.6

Moreover, cholesterol excretion increases in the feces of rats
fed apples, suggesting that the DF and/or polyphenols found
in apples may reduce dietary cholesterol absorption.6 A
search of scientific databases revealed no studies on the
effect of apples on weight loss or body fat loss. It was shown
that processed apple accounts for 67% of whole processed
fruit foods,7 and that AP generated during the processing
procedure accounts for *20% of the entire apple weight.13

Some of the by-products are utilized as compost or feed for
cattle, but most of it is discarded. Hence, as the demand for
functional foods from natural plant sources is increased,
identification of the physiological activity characteristics of
AP may provide potential for the development of functional
food, expand the range of utilization, reduce the expense of
byproduct storage and disposal, and increase the added va-
lue of apples in the food industry.

This study investigated the effects of AP and AC on body
weight gain, body fat, and lipid metabolism in diet-induced
obese rats over 5 weeks.

MATERIALS AND METHODS

AP, AC and their composition

Apple (Fuji apple, Malus pulmila var. dulcissima
KOIDZ.) pomace and AC produced in 2008 were supplied
by Gyeongbuk Apple Nonghyup Co. (Daegu, Korea). The
AP was a hot-air dried powder, and the AC was in liquid
form. The AP and AC were freeze dried for chemical
component analysis. General composition, including mois-
ture levels, carbohydrates, protein, fat, fiber, and ash, was
measured following the AOAC method.14

The total polyphenol content of AP and AC was measured
according to the spectrophotometric Folin–Denis method
with some modifications.15 Determination of total poly-
phenol compounds was carried out in triplicate and calcu-
lated from a calibration curve obtained using tannic acid
(Yakuri Pure Chemicals Co., Ltd., Tokyo, Japan). This
tannic acid calibration curve was used as a standard, and
results were expressed as % tannic acid equivalent.

The total flavonoid content of the samples was quantified
according to the AOAC method.16 Determination of total
flavonoid compounds was carried out in triplicate and cal-
culated from a calibration curve obtained using naringin
(Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan). This naringin
calibration curve was used as a standard, and results were
expressed as % naringin equivalent.

Animals and experimental protocols

A total of 32 3-week-old male Sprague–Dawley rats,
supplied by the Hanlim Experimental Animal Laboratory
(Seoul, Korea), were individually housed in stainless steel
cages and placed in a room on a 12-h light/dark cycle where

the temperature was kept at 21�C – 1�C with a relative hu-
midity of 50% – 10%. All experimental protocols followed
established guidelines for the care and handling of labora-
tory animals and were approved by the Institutional Animal
Ethics Committee of Chung-Ang University, Korea. All rats
were fed a pelletized commercial chow diet and deionized
water ad libitum for 1 week. After acclimation, the rats were
randomly assigned to four experimental groups of eight rats
each: the normal diet group (negative control, ND), the
high-fat diet group (positive control, HFD), and according to
Maria et al.,17 the HFD group containing either 10% AP or
AC by feed weight, adjusted for body weight.

The ND was formulated based on the AIN-93G rodent diet
composition,18 and the HFD was formulated to provide 15%
of the total feed weight from fat by replacing corn starch with
lard (8%) and soybean oil (7%) with the same ratio of vita-
mins and minerals as the ND. In phase I (obesity induction
period, 4 weeks), the normal diet control group (ND) was fed
the AIN-93G rodent diet, and the other experimental groups
were fed the HFD. In phase II (experimental period, 5 weeks),
the AP and AC groups were fed two different supplemented
diets, while ND and HFD groups maintained their diets. The
experimental diets are shown in Table 1. The animals were
allowed free access to food and water during the experimental
period (Table 2). Food consumption was measured every
other day, and body weight was measured weekly. At the end
of the experimental period and 12 h after the last feeding, the
rats were anesthetized with ketamine, and blood was taken
from the orbital venous plexus. Serum was obtained by cen-
trifugation at 1000 g for 15 min at 4�C. Organs, including the
liver, kidneys, and testes, as well as interscapular brown ad-
ipose tissue (BAT) and three depots of white adipose tissue
(WAT; epididymal, perirenal, and visceral) were removed and
weighed. Stool was collected during the last 3 days in meta-
bolic cages, and dried stool samples were used to measure

Table 1. Experimental Diet Composition

Ingredients ND HFD AP AC

Energy (kcal/100 g) 394.6 434.6 426.3 408.4
Casein (g) 20 20 20 20
Sucrose (g) 10 10 10 10
Maltose dextrin (g) 13.2 13.2 13.2 13.2
Corn starch (g) 39.7 31.7 21.7 21.7
Cellulose (g) 5 5 5 5
Soybean oil (g) 7 7 7 7
L-cystine (g) 0.3 0.3 0.3 0.3
Tert-butylhydroquinone (g) 0.0014 0.0014 0.0014 0.0014
Choline bitartrate (g) 0.25 0.25 0.25 0.25
Mineral mixture (g) 3.5 3.5 3.5 3.5
Vitamin mixture (g) 1 1 1 1
Lard (g) - 8 8 8
AP (g) - - 10 -
AC (g) - - - 10
Total (g) 100 100 100 100

All diets were based on AIN-93G diet (E-Joeun Pet Feed Co., Ltd.,

Jeongeup, Korea).

ND, normal diet; HFD, high fat diet; AP, apple pomace; AC, apple juice

concentrate.
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total cholesterol (TC) and triglyceride (TG) levels. Serum,
liver, and stool samples were stored at - 75�C until analysis.

Hepatic and adipose tissue analysis

Sections of liver preserved in zinc-buffered formalin were
embedded in paraffin, stained with hematoxylin and eosin,
viewed with the use of an optical microscope, and photo-
graphed at 400 · magnification. Hepatic lipid accumulation
was measured by using the methods of Rivera et al., with
slight modifications.19 Histological characteristics were
scored by a pathologist blinded to the study design. The
extent of lipid accumulation was assessed according to the
following system: 0 = no intracellular lipid; 1 = intracellular
lipid accumulation in at least 50% of the cells in zone 1;
2 = intracellular lipid accumulation in at least 50% of the
cells in zones 1–2; and 3 = panlobular lipid accumulation in
at least 50% of the cells.

Small pieces of epididymal and subcutaneous WAT were
removed and rinsed with saline. The tissues were fixed with
10% formalin and embedded in paraffin wax. Tissue sec-
tions were cut to a thickness of 4 lm on Superfrost Plus
slides (Fisher Scientific, Pittsburgh, PA, USA), stained with
hematoxylin and eosin, and photographed at 200 · magni-
fication. Adipocyte area was measured in 40 cells of rep-
resentative sections using the NIH ImageJ Program
(National Institutes of Health, Bethesda, MD, USA) in order
to examine the size of the white adipocytes. The mean value
was designated as an index of cell size, using methods de-
scribed by Akagiri et al.20

Measurement of serum, hepatic, and fecal lipid profiles

Serum concentrations of TC, high-density lipoprotein
cholesterol (HDL-C), and TG were measured enzymatically
using an automatic chemistry analyzer (ADVIA 1650; Bayer,
Osaka, Japan) with a reagent kit (Bayer, Pittsburgh, PA,
USA). Serum low-density lipoprotein cholesterol (LDL-C)
concentrations were calculated using the Friedwald equation,
which involves subtracting the HDL-C from the TC concen-
tration.21 Hepatic and fecal lipids were extracted using
methods developed by Folch et al.22 Hepatic and fecal con-
centrations of TC and TG were determined enzymatically,
using a commercial kit (Asan Pharmaceuticals Co., Seoul,
Korea) based on a modified lipase–glycerol phosphate oxidase
method23 and the cholesterol oxidase method,24 respectively.

Statistical analysis

All data were presented as the mean – standard error. Data
were evaluated by one-way analysis of variance using SPSS

Windows Version 19.0 (SPSS, Inc., Chicago, IL, USA). Mean
differences were analyzed by Duncan’s multiple range test.
Results were considered statistically significant when P < .05.

RESULTS

Body weight, food intake, and feed efficiency ratio

At the end of phase I (no apple supplementation period),
body weight gain and feed efficiency ratio (FER) were sig-
nificantly higher in all HFD groups than in the ND group (Fig.
1 and Table 3). At the end of phase II (apple supplementation
period), body weight gain and FER in the AP (116.44 – 8.99 g,
0.12 – 0.01), AC (147.33 – 9.97 g, 0.15 – 0.01), and ND
groups (151.05 – 6.58 g, 0.15 – 0.01) were significantly lower
than in the HFD group (175.73 – 2.95 g, 0.18 – 0.01; P < .05).
The lowest body weight gain and FER was observed in the AP
group (P < .05), followed by the AC and ND groups. Body
weight gain and FER in the AC and ND groups did not sig-
nificantly differ from each other. This suggests that daily con-
sumption of apple products is effective in curbing weight gain.

Adipose tissue weights

The weight of adipose tissue is presented in Figure 2.
BAT weights in the AP group (163.47 – 25.30 mg/100 g

Table 2. Composition of Apple Pomace and Apple Juice Concentrate

Group Moisture (%) Carbohydrate (%) Protein (%) Fat (%) Ash (%) Fiber (%) Total polyphenols (%TAE) Total flavonoids (%NE)

AP 20.1 – 1.5 74.3 – 1.8 2.0 – 0.3 1.3 – 0.1 2.3 – 0.1 11.0 – 1.5 1538.5 – 50.5 193.1 – 7.5
AC 64.3 – 1.3 33.8 – 1.63 0.7 – 0.11 0.0 – 0.0 1.3 – 0.2 1.1 – 0.4 971.8 – 33.1 78.9 – 4.3

Values are expressed as mean – SD of triplicate determinations.

TAE, tannic acid equivalent; NE, naringin equivalent.

FIG. 1. Body weight changes in rats fed a high-fat diet with AP and AC.
Phase I, obesity induction period; Phase II, experimental period. *Sig-
nificantly different at P < .05 by Duncan’s multiple-range test. ND, normal
diet; HFD, high-fat diet; AP, apple pomace; AC, apple juice concentrate.
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body weight) were significantly higher than in all other
groups. BAT weights of the AC group (144.02 – 29.45 mg/
100 g body weight) were higher than that of the ND group
(117.56 – 10.29 mg/100 g body weight), but did not differ
from that of the HFD group (127.50 – 17.53 mg/100 g body
weight).

The weights of epididymal, perirenal, and visceral WAT
per body weight were significantly lower in the AP, AC, and
ND groups than in the HFD group, and were reflective of the
body weight gain. The lowest epididymal weights were
observed in the AP group, although those of the ND group
were not significantly different from the AP group. There
were no significant differences in perirenal, visceral, and
total WAT among the ND, AP, and AC groups, with the
HFD group being significantly higher, as expected. These
results along with the body weight data indicate that the
changes in body weight gain were likely due to changes in
total WAT caused by the apple products.

Hepatic and adipose tissue analysis

Cytoplasmic lipid accumulation was observed in the
portal areas of the liver sections (Fig. 3). The HFD group
had considerably more lipid microvacuoles compared with
the experimental groups. Although occasional mild peri-

portal microvacuoles were observed in the AP and AC
groups, these groups displayed significant inhibition of he-
patic lipid accumulation as indicated by the lower hepatic
lesion scores. The lowest scores were found in the ND group
(0.25 – 0.46), followed by the AP group (0.63 – 0.18) and
the AC group (1.25 – 0.16), with the HFD group
(2.13 – 1.13) having the highest score.

Epididymal adipocyte size and subcutaneous fat pads
were significantly smaller in the AP, AC, and ND groups
than in the HFD group, and subcutaneous adipocyte size in
the AP group was the lowest and similar to that in the ND
group (Fig. 4).

Serum and hepatic lipids concentration

To determine whether apple consumption had an impact
on circulating lipid levels, a comprehensive serum lipid
profile analysis was performed. Serum TC, LDL-C, and
TG concentrations were significantly lower in the AP, AC,
and ND groups than in the HFD group, with TG con-
centrations particularly low in the AP group (Table 4).
HDL-C concentrations were the highest in the AP group
and were significantly lower in the HFD group. HDL-C
concentrations in the AP, AC, and ND groups did not
differ from each other. The atherogenic index (AI)

Table 3. Effects of Apple Pomace– and Apple Juice Concentrate–Supplemented Diets on Weight Gain, Food Intake,

and Feed Efficiency Ratio in Rats Fed a High-Fat Diet

No apple (Phase I) Apple supplement (Phase II)

Group Weight gain (g/4 week) Food intake (g/day) FER3 Weight gain (g/5 week) Food intake (g/day) FER

ND 191.47 – 5.65a 25.24 – 20.37b 0.27 – 0.01a 151.05 – 6.58b 29.11 – 0.19b 0.15 – 0.01b

HFD 215.94 – 5.76b 24.78 – 0.19b 0.31 – 0.01b 175.73 – 2.95c 28.62 – 0.18ab 0.18 – 0.00c

AP 215.49 – 8.57b 24.09 – 0.19a 0.32 – 0.01b 116.44 – 8.99a 28.23 – 0.29a 0.12 – 0.01a

AC 214.03 – 8.24b 23.88 – 0.07a 0.32 – 0.01b 147.33 – 9.97b 28.19 – 0.12a 0.15 – 0.01b

Values are expressed as mean – SE (n = 8). Phase I, diet-induced obese period, 4 weeks; Phase II, experimental period, 5 weeks.
abcValues in the same column not sharing common superscript letters are significantly different at P < .05.

FER ( = weight gain/food intake), feed efficiency ratio; SE, standard error.

FIG. 2. Effects of AP- and AC-supplemented diets on adipose tissue in rats fed a high-fat diet. abcResults not sharing common letters are
significantly different at P < .05 by Duncan’s multiple-range test. (A) BAT, brown adipose tissue; (B) WAT, white adipose tissue.
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calculated from these measurements was significantly
lower in the AP, AC, and ND groups compared with the
HFD group, indicating that apple consumption ameliorated
the harmful cardiovascular effects of the HFD feedings. A
portion of the liver was analyzed for cholesterol and TG
content (Table 4). Hepatic TC concentrations were lowest
in the AP group, and significantly different from the HFD
group (Table 4). Compared with the HFD rats, both AP
and AC as well as ND rats had significantly lower TC and
TG in the liver.

Fecal weight and lipid excretion

Probably due to high fiber content of AP, daily fecal
weights in the AP group were significantly higher than in all
other groups. Daily fecal weights in the AC and ND groups
were similar to each other. Fecal TC concentrations in the
AP group were significantly higher than in the other groups,
and there were significant differences between the AP, AC,
and ND groups as well. Moreover, the AP group had the
highest fecal TG concentrations, whereas fecal TG con-
centrations in the ND, AC, and HFD groups did not differ
from each other (Table 5). Thus, AP consumption was

clearly superior in terms of excretion of harmful lipids
through the stool.

DISCUSSION

Obesity is a major risk factor for CVD, cancer, diabetes,
and other chronic diseases. Meta-analyses of prospective
studies show that a 5 kg/m2 increase in BMI is associated
with increased risk of colon cancer in both men and
women.25,26 In this study, body weight gain was significantly
repressed in the AP (-59.29 g, -33.74%) and AC groups
(-28.40 g, -16.16%) compared with the HFD group in
phase II (experimental period, 5 weeks). Food intake did not
differ between groups; thus, the FER was lower than other
groups. According to Conceicao de Oliveira et al.,27 in-
gesting apples or pears thrice a day was associated with
weight loss in middle-aged hypercholesterolemic over-
weight women in Brazil. Participants who consumed either
of the fruits had a significant weight loss (-1.21 kg) after 12
weeks, whereas those who consumed oat cookies instead of
the fruits did not have a significant weight loss. The study
claimed that fruit consumption may have decreased energy
intake by increasing satiety. Along with insoluble fiber,
apples contain high amounts of soluble DF, which increases
postmeal satiety.28 Similarly, the significantly repressed
weight gain seen in the AP and AC groups of our study
might also be attributed to the total fiber content of apples,
particularly in the AP group. In this study, crude fiber
contents of AP and ACs were 11% and 1.1%, respectively.
Thus, AP contains considerably higher crude fiber contents
than fresh raw apples or any other apple products. Since 10%
corn starch as a carbohydrate source was substituted by the
apple products in the AP and AC groups, the AP and AC diets
contained the same amount of calories as the HFD group.
However, the high DF in the apple products did lead to a
reduced energy density, energy intake, and body weight. En-
ergy density affects energy intake independent of macronu-
trient content or palatability when meals with varying energy
density (low, medium, or high) are consumed by humans.29

However, reduced body weight gain was much more
pronounced in the AP group than in the AC group, despite
the caloric density of the AC group diet (408.4 kcal/100 g)
being modestly lower than that of the AP group diet
(426.25 kcal/100 g). This might be due to differences in DF
content or possibly to phytochemical content, as fiber

FIG. 3. Effects of AP- and AC-supplemented diets on fat-cell size
in rats fed a high-fat diet. abResults not sharing common letters are
significantly different at P < .05 by Duncan’s multiple-range test.

FIG. 4. Inhibition of hepatic lipid ac-
cumulation by AP and AC supplementa-
tion in HFD-induced obese rats. (A)
Representative hematoxylin-and-eosin-
stained section of liver tissue (original
magnification · 400). (B) Histological
analyses of hepatic lipid accumulation.
Pathological scores of hepatic lipid accu-
mulation are as described in Materials
and Methods. abcValues not sharing
common letters are significantly different
at P < .05 by Duncan’s multiple-range
test. Color images available online at
www.liebertpub.com/jmf
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content and phytochemical content are 10 times and 1.5–2.5
times higher, respectively, in AP than in AC. These findings
indicate that DF and phytochemicals in apples may have
synergistic effects. Since phytochemicals combined with DF
have been found to be more effective in body fat loss,30 it is
possible that fiber and phytochemicals acted synergistically
in our study for an effective weight and body fat loss.

When adipose tissue weights were compared among the
groups in this study, all three types of WAT weights in the
AP group were significantly lower than in the HFD group. In
spite of this, Nakazato et al.31 reported that polyphenol
compounds in apples contribute to a decrease of adipose
tissue weight when apple polyphenols (APP) are fed to
Wistar rats. Moreover, Murase et al.32 reported that tea
catechins reduced retroperitoneal WATs of rats fed catechin
containing HFD. APP contains procyanidine as a major
component, consisting of (+)-catechin and (-)-epicatechin
units similar to tea catechins found in.33–35 Various vitro
studies have shown that APP suppresses adipose cell for-
mation.31,36 These results suggest that the lower adipose
tissue weights associated with apple product consumption in
this study might be influenced by phytochemicals such as
polyphenols and flavonoids. Total polyphenols and flavo-
noids in AP were 1538.5 mg/100 g and 971.8 mg/100 g
versus 193.1 mg/100 g and 78.9 mg/100 g, respectively, in
ACs. The polyphenol concentration of AP is extremely high,
even compared with typical high phytochemical foods such
as blueberry (670.9 mg/100 g), dogwood berry (432.0 mg/
100 g), and sour cherry (429.5 mg/100 g).

DF is known to increase fecal sterol excretion and decrease
blood TC and TG concentrations by shortening transit time,
repressing lipolytic enzyme activity, increasing bile acid ab-

sorption, enhancing cholesterol biosynthesis, and reducing
cholesterol absorption.37–43 Some studies have shown that the
soluble DF in apples improves lipid metabolism in the blood
and liver of experimental animals.17,30,44,45 There is also evi-
dence that polyphenol enhances fecal cholesterol and bile acid
excretion.46–48 In the current study, HDL-C increased; while
LDL-C, serum TC and TG, liver lipids, HTR, and AI were
significantly decreased in the AC and AP groups when com-
pared with the HFD group. Some of the apple’s protective
effects against CVD may come from its potential ability to
improve lipid profiles. In fact, Aprikian et al.49 reported a
significant decrease in plasma cholesterol and liver choles-
terols and an increase in HDL-C on supplementing lyophi-
lized apples to cholesterol-fed rats. In addition, they found that
cholesterol excretion increased in the feces of rats that were
fed apples, implying diminished cholesterol absorption.49

Although interactions between bile acids and apple constitu-
ents are complex, pectins or polymerized phenolics of apples
may adsorb bile acids, thereby interrupting enterohepatic cy-
cling of bile acids, for which maximal trapping might require
a synergism between fibers and phenolic compounds.50

In conclusion, our study showed that consumption of AP
and AC in HFD-induced obese rats improved body weight
and body fat loss and blood lipid profiles. This occurred by
way of modifying lipid metabolism through increased cho-
lesterol, thus decreasing cholesterol absorption. However,
further studies are required to elucidate the mechanisms by
which specific components of apple products have positive
effects on weight control and lipid metabolism.
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