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Effect of Two Levels from Apple and Blueberry of Rats Fed on High Fructose Diet
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Abstract: The aim of this study was to investigate the effect of two levels from apple and blueberry on rats fed
on high fructose diet. Forty male albino rats (Sprague Dawley Strain) used in this study, the rats divided into
two main groups. The first main group (5 rats) fed on basal diet as a control negative and the second main
group (35 rats) fed on high fructose diet for 15 days. After this period, the second main group divided into 7
subgroups (n =5) according as a following: Subgroup (1): Fed on high fructose diet HFD as (positive Control).
Subgroup (2 and 3): Fed on HFD containing 3 and 6% dried apple (DA), respectively. Subgroup (4 and 5):
Fed on HFD containing 3 and 6% dried blueberry (DB), respectively. Subgroup (6 and 7): Fed on HFD
containing 3 and 6% combination of dried apple and blueberry (1:1), respectively. During the experimental
period (28 days), the diets consumed and body weights were recorded twice weekly, at the end of the
experiment period, the rats were fasted overnight, then the rats were anaesthetized and sacrificed and the blood
samples were collected from the aorta. The blood samples were centrifuged and serum was separated to
determine some biochemical parameters. Kidney and femur bone separated from each rat to determine kidney
weight/body weight% and bone mineral density and bone mineral concentration. Results showed that, feeding
rats on high fructose diet (control positive group) decreased feed intake, HDL-c, calcium, phosphorus, BMD
& BMC and increased body weight gain%, kidney weight/body weight%, kidney functions,  lipid  profile
“except HDL-c”, liver enzymes and glucose, as compared to the rats fed on basal diet (control negative group).
Treating rats which fed on HFD with the two levels from (apple, blueberry and their combination) decreased
body weight gain%, kidney weights/body weight%, serum AST, ALT, ALP, cholesterol, triglycerides, LDL-c,
VLDL-c, uric acid, urea nitrogen, creatinine, glucose, while HDL-c, calcium, phosphorus, BMD and BMC
increased. The highest improvement in these parameters recorded for the group which treated with the high
level (6%) from apple and the combination of (apple and blueberry). In conclusion, the results of this study
demonstrate that apple, blueberry and the mixture between them decrease the complication which resulted from
the consumption of high fructose diet.
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INTRODUCTION This has led to an increased interest in the study of diets

Coronary heart disease (CHD) remains a major cause fructose vs. 30 g/d of starch in well-controlled diabetic
of death and risk factors include age, male gender, patients in the free-living state and noted only moderate
smoking, hypertension, diabetes, elevated total elevations in TG levels with the fructose supplementation
cholesterol and LDL cholesterol (LDL-C) and decreased [3]. On the other hand, dietary fructose was associated
HDL cholesterol (HDL-C). Dietary factors linked to high with increased fasting and postprandial plasma
CHD  mortality  include  excess intake of energy, saturated triacylglycerol concentrations in men [4]. High-fructose
fat,   cholesterol    and   sugars   [1].   Fructose   intake  has
increased  steadily  during the past two decades due to its
introduction  as  sweetener   in    pharmaceuticals   and  in
mainstream   food    applications     such     as   carbonated
beverages, canned fruits, jams, jellies and dairy products.

rich in this nutrient [2]. Compared the effects of 30 g/d of

feeding cause's diet-induced alterations of lipid
metabolism and decreased insulin sensitivity with
alterations of hepatic pyruvate dehydrogenase and
hepatic very low-density lipoprotein secretion.
Inflammatory cytokines also induce dramatic changes in
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lipid metabolism, particularly in serum triglycerides via more tart and tangy flavor [20]. As with other berries,
increased hepatic secretion and/or delayed clearance of blueberries contain a variety of nutrients and related
very low-density lipoprotein [5]. Fructose administration compounds beneficial to health. They are a particularly
either in diet (60%) or drinking water (10%) induced good source of vitamin C [21].
hypertension, hyperuricemia and hypertriglyceridemia, Blueberries (and a few others such as blackberries,
however, there was a progressive increment in these grapes and figs) do provide a significant amount of
parameters with higher fructose intake (C<F10<F60) [6]. phylloquinone (vitamin K1) [22]. Blueberries can also be

Epidemiological studies have indicated possible a reasonable source of folic acid [23]. Some studies have
relationships between  diet  and  various  chronic also suggested that folic acid can reduce the risk of heart
diseases, especially coronary heart disease, diabetes disease and some types of cancer [24]. Blueberries are a
mellitus and some malignancies [7]. A fruit and vegetable good source of several nutrients, recent research has
rich diet (at least 5 servings a day) can reduce the risk by focused on the many phytochemicals in blueberries that
lowering the cholesterol levels [8]. Fruits and vegetables may positively affect health. Blueberries are a good
consumption is consistently associated with a decrease source of many polyphenolic compounds, including
in lipemia along with a decrease in the risk for anthocyanins, flavonols, hydroxycinnamic acids, flavon-
cardiovascular diseases (CVD) and stroke, diabetes and 3-ols and procyanidins [25]. Blueberries may improve
obesity [9, 10]. Such effects were attributed to dietary selected features of metabolic syndrome and related
fibers and phenolic compounds. Polyphenols, which are cardiovascular risk factors at dietary achievable doses
abundant in fruits, vegetables and beverages, e.g. [11]. [26]. Therefore, the present work was conducted to study
Positive effects of fruits and vegetables have been the effect of two levels from apple and blueberry on
attributed to dietary fibers, antioxidants and especially nutritional and biochemical parameters of rats fed on high
phenolic compounds [12, 13].  Fibers  and  polyphenols fructose diet.
are capable of improving the lipid profile in
cardiovascular patients [14]. Apple is one of those fruits MATERIALS AND METHODS
that can play a role  in  decreasing  the  risk  of chronic
diseases due to the fibre and chemical components Materials: Anna apple (Malus domestics) and blueberry
present [15]. The protective effect of flavonoids against (Vaccinium corymbosum) were purchased from a local
CVD has been attributed to several mechanisms, including market at Cairo, Egypt. A total of 40 adult male albino rats
inhibition of LDL oxidation [16]. Apples were one of the of Sprague Dawley strain, weighting 200±10g were
main sources of dietary flavonoids that showed the obtained from the Animal Colony, Food Technology
strongest associations with decreased mortality. Apple Research Institute, Agriculture Research Center, Giza,
has the highest portion of free phenolics when compared Egypt. Casein, minerals, vitamins, cholin chloride,
to other fruits   [17].  The  highest  consumption of fructose, cellulose and the chemical which used in
apples had a lower risk of thrombotic stroke compared to determined the composition of apple and blueberry were
those who consumed the lowest amounts of apples [18]. obtained from El- Gomhoria Company. Soybean oil and
The intakes of catechin and epicatechin, both starch were obtained from a local market.
constituents of apples, were strongly inversely associated
with coronary heart disease death. Although total Methods: Apple fruit was washed with water, cut to equal
catechin intake was inversely associated with coronary slices (1cm). Apple and blueberry dried by solar energy at
heart disease mortality. Tea catechins were not associated (50-60°C) for 48 hour in National Research Center and
with coronary heart disease mortality in postmenopausal grind by electric grinder to powder. Chemical composition
women. Apple catechins may be more bioavailable than of dried Anna apple and blueberry were determined as
the catechin and epicatechin gallates commonly found in described by A.O.A.C. [27].
teas [19].

Blueberries are deep in color, ranging from blue to Biological Evaluation: Forty male Albino rats weighting
maroon to purple-black and feature a white-gray waxy 200±10g were kept in individual stainless steel cages
"bloom" that covers the berry's surface and serves as a under hygienic conditions and fed one week on basal diet
protective coat. The skin surrounds a semi-transparent for adaptation in ad libitum. The basal diet in the
flesh that encases tiny seeds. Cultivated blueberries are preliminary  experiment   consists   of   14%  casein
typically mildly sweet, while those that grow wild have a (protein   80%),   soybean   oil  4%, cellulose 5%, vitamin
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Table 1: Composition of basal and fructose diets (g/100 g).
Components Basal diet High fructose diet (HFD)
Corn starch 65.3 5.3
Fructose -- 60.0
Casein 20.0 20.0
Soybean oil 5.0 5.0
Cellulose 5.0 5.0
Salt mixture 3.5 3.5
Vitamin mixture 1.0 1.0
Choline chloride 0.2 0.2

mixture 1%, salt mixture 3.5%, choline chloride 0.2% and
the remainder is corn starch [28]. Vitamin composition of
diets prepared according to A.O.A.C. [29]. After a period
of adaptation on basal diet, the rats were divided into two
main groups. The first main group (5 rats) was fed on
basal diet, as a control negative group. While, the second
main group (35 rats) fed with fructose-enriched diet for 15
days [30, 31], the composition of the control and fructose
diets are presented in Table 1. After this period, the
second main group divided into 7 subgroups (n =5)
according to the following scheme:

Subgroup (1): Fed on high fructose diet HFD as (positive
Control).

Subgroup (2 and 3): Fed on HFD containing 3 and 6%
dried apple (DA). 

Subgroup (4 and 5): Fed on HFD containing 3 and 6%
dried blueberry (DB).

Subgroup (6 and 7): Fed on HFD containing 3 and 6%
combination of dried apple and blueberry (3% DA and 3%
DB).

During the experimental period (28 days), fed intake
and body weights recorded every week. At the end of the
experiment period, the animals were fasted overnight, then
the rats were anaesthetized and sacrificed and blood
samples were collected from the aorta. The blood samples
were centrifuged and serum was separated to estimate
some biochemical parameters, i.e. uric acid [32], urea
nitrogen [33], creatinine [34], cholesterol [35], triglycerides
[36], high density lipoprotein-cholesterol HDL-c [37], low
and very low density lipoprotein-cholesterol LDL-c and
VLDL-c [38], Aspartate Amino Transferase (AST) and
Alanine Amino Transferase (ALT) [39] and Alkaline
Phosphatase (ALP) [40], glucose [41], calcium [42] and
phosphorus [43]. Bone Mineral Density (BMD) and Bone
Mineral Concentration (BMC) were measured in femur

bone of rats after treatment by Dual energy X-ray
absorptiometry (DEXA), Kidney were separated from each
rat and weighted to calculate kidney weight/body
weight%. The data obtained was analyzed statistically for
standard deviation and one way ANOVA test [44].

RESULTS AND DISCUSSION

Chemical Composition of Anna Apple and Blueberry:
Chemical composition of dried (blueberry and Anna
apple) are presented in Table 2. Results showed that,
carbohydrate, fiber and protein content of dried blueberry
showed the highest %, while the other nutrients recorded
the lowest %. On the other hand, carbohydrate, fiber and
moisture content of dried Anna apple showed the highest
%, while fat, ash and protein were the lower. The % of
moisture, carbohydrate and fiber in dried Anna apple
increased than that of dried blueberry, while the other
nutrients increased in dried blueberry, than that of dried
Anna apple.

Effect of Two Levels from Apple and Blueberry on Feed
Intake, Body Weight Gain% and Kidney Weight/Body
Weight % of Rats Fed on High Fructose Diet: The effect
of two levels from apple,  blueberry  and  their
combination on feed intake (g/day/each rat), body weight
gain% and kidney weight/body weight % of rats fed on
high fructose diet are presented in Table 3. The mean
value of feed intake in the positive control group
decreased significantly p<0.05, as compared to the
negative control group (14.509±0.610 vs. 18.00±0.707),
respectively. All treated groups showed significant
increase in feed intake, as compared to the positive
control group. On the other hand, non-significant
difference in feed intake was observed between all treated
groups. The mean value of body weight gain% (BWG %)
of the positive control group showed significant increase
at (P<0.05), as compared to the negative control group
(36.087±6.442 vs. 22.876±1.624), respectively. All treated
groups showed significant decrease in BWG %, as
compared to the positive control group. The highest
decrease in BWG % recorded for the group fed on high
fructose diet “HFD” containing 6% apple, followed by the
group fed on HFD containing 6% combination of apple
and blueberry, these groups recorded non-significant
difference, as compared to the negative control group.
The mean values of kidney weight / body weights%
increased significantly (P<0.05) of the positive control
group (rats fed HFD), as compared to  the  negative
control  group  (0.744±0.026 vs. 0.389±0.027), respectively.
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Table 2: Chemical Composition of Anna Apple and Blueberry (g/100 dry weight)
Samples
---------------------------------
Ingredients Blueberry Apple
Water 4.95 5.20
Protein 6.50 5.060
Lipid 1.48 1.055
Carbohydrate, by difference 76.67 77.527
Fiber, total dietary 7.4 8.578
Ash 3.00 2.58

Table 3: Effect of two levels from apple and blueberry on feed intake, body weight gain% and kidney weight/body weight% of rats fed on high fructose diet
Parameters
--------------------------------------
Groups Feed intake (g/day/each rat) Body weight gain % Kidney weight/body weight %
Control (-ve) 18.00 ± 0.707 22.876 ± 1.624 0.389 ± 0.027a e f

Control (+ve) 14.509 ± 0.610 36.087 ± 6.442 0.744 ± 0.026c a a

3% apple 16.873 ± 0.435 28.744 ± 1.534 0.622 ± 0.019b b c d b

6% apple 16.505 ± 0.404 25.594 ± 1.590 0.502 ± 0.028b de d

3% blueberry 16.648 ± 0.467 31.371 ± 1.192 0.568 ± 0.038b b c

6% blueberry 16.261 ± 0.295 27.375 ± 1.640 0.458 ± 0.044b d e

3% Mix. (apple and blueberry) 16.714 ± 0.436 29.550 ± 1.699 0.540 ± 0.034b bc cd

6% Mix. (apple and blueberry) 16.330 ± 0.489 26.067 ± 2.288 0.441 ± 0.034b cde e

All results are expressed as mean ± SD. 
Values in each column which have different letters are significant different (p<0.05).

All treated groups with the two levels of apple, blueberry fruit. In support of this hypothesis, Howarth et al. [49]
and their combination showed significant decrease indicated that, under fixed energy intake, soluble or
(p<0.05) in kidney weight/ body weights%, as compared insoluble fiber intake increases postmeal satiety and
to the positive control group. Gradually decrease in the decreases subsequent hunger. In addition, this review
mean values of kidney weights was observed with suggested, at least for short-term follow-up, that high-
increasing levels of apple, blueberry and their fiber diets decrease energy intake and body weight. Fruit
combination in the diets. The best results in kidney consumption has a potential role in the prevention of
weight/body weights % observed in the groups treated overweight and obesity [50].
with 6% blueberry and 6% combination of apple and
blueberry, these groups showed significant decrease Effect of Two Levels of Apple and Blueberry on Kidney
p<0.05 in this organ, as compared to the other treated Functions of Rats Fed on High Fructose Diet: The effect
groups. of two levels (3% and 6%) from apple, blueberry and their

Feeding rats on high fructose diet led to significant combination on serum uric acid, urea nitrogen and
increase in (body weight gain %, kidney weight/body creatinine (mg/dl) of rats fed on high fructose diet is
weight % and decreased food intake [45]. A diet presented in Table 4. Feeding rats on high fructose diet
containing 25% fructose was administered for 6 weeks to HFD, increased serum uric acid, urea nitrogen and
overweight adults, control subjects received 25% glucose. creatinine significantly (p<0.05), as compared to the
Subjects on the high-fructose diet developed insulin negative control group. Serum uric acid, urea nitrogen and
resistance, visceral obesity (measured by computed creatinine increased in the positive control group by
tomography scan) and postprandial dyslipidemia [46]. about 394.42%, 210.52% and 478.70%, than that of the
Fruit intake is considered a protective factor for many negative control group. Treating groups with HFDs
chronic diseases [47] and dietary guidelines have containing (3 and 6%) apple, blueberry and their
recommended increased intakes of fruits and vegetables combination led to significant decrease p<0.05, in serum
[48]. The rationale for such a hypothesis of weight loss uric acid, urea nitrogen and creatinine, as compared to the
with increased intake of fruits is based on  three  premises: positive control group. The mean value of  serum  uric
the low-energy density of most fruits, their higher fiber acid, urea nitrogen and creatinine decreased gradually
composition and a less striking variation of diets high in with  increasing  the  levels  of  apple,  blueberry  and their
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Table 4: Effect of two levels of apple fruit and blueberry on kidney functions of rats fed on high fructose diet.
Parameters
-------------------------------------
Groups Uric acid Urea nitrogen Creatinine

----------------------------------------------------------mg/dl----------------------------------------------------------
Control (-ve) 0.753 ± 0.060 28.908 ± 2.033 0.540 ± 0.051e d d

Control (+ve) 3.723 ± 0.291 89.765 ± 4.278 3.125 ± 0.214a a a

3% apple 2.968 ± 0.251 72.723 ± 3.679 2.453 ± 0.165b b b

6% apple 2.193 ± 0.135 51.971 ± 3.873 1.966 ± 0.117d c c

3% blueberry 3.130 ± 0.260 76.603 ± 3.525 2.628 ± 0.229b b b

6% blueberry 2.567 ± 0.276 55.923 ± 5.155 2.171 ± 0.150c c c

3% Mix. (apple and blueberry) 3.081 ± 0.291 75.800 ± 3.557 2.568 ± 0.148b b b

6% Mix. (apple and blueberry) 2.321 ± 0.082 53.640 ± 6.566 2.147 ± 0.152cd c c

All results are expressed as mean ± SD. 
Values in each column which have different letters are significant different (p<0.05).

Table 5: Effect of two levels from apple fruit and blueberry on lipid profile of rats fed on high fructose diet.
Parameters
-------------------------------------
Groups Cholesterol Triglyceride HDL-c LDL-c VLDL-c

----------------------------------------------------------------------mg/dl -------------------------------------------------------------------
Control (-ve) 93.087 ± 4.982 48.542 ± 5.229 50.321 ± 3.311 33.057 ± 1.170 9.708 ± 1.045e d a g d

Control (+ve) 148.545 ± 5.287 111.521 ± 6.674 30.508 ± 3.933 95.733 ± 1.010 22.303 ± 1.334a a e a a

3% apple 122.572 ± 6.234 85.457 ± 7.765 38.061 ± 3.663 67.419 ± 2.220 17.091 ± 1.552b b cd c b

6% apple 106.635 ± 3.355 68.548 ± 5.376 44.288 ± 3.732 48.636 ± 3.456 13.709 ± 1.075d c b f c

3% blueberry 127.968 ± 6.373 93.682 ± 6.748 36.808 ± 3.555 72.423 ± 22.53 18.736 ± 1.349b b d b b

6% blueberry 113.856 ± 3.015 73.702 ± 4.896 42.202 ± 4.391 58.713 ± 5.443 14.740 ± 0.979c c bc d c

3% Mix. (apple and blueberry) 126.969 ± 5.147 88.629 ± 7.008 36.979 ± 3.808 72.265 ± 1.590 17.725 ± 1.401b b d b b

6% Mix. (apple and blueberry) 111.974 ± 3.290 72.132 ± 5.521 43.436 ± 3.412 54.112 ± 4.036 14.426 ± 1.104cd c b e c

All results are expressed as mean ± SD. 
Values in each column which have different letters are significant different (p<0.05).

combination. The data in Table 4 showed non-significant led to reduce oxidative stress and nephropathy in diabetic
changes in all parameters of the groups treated with the rats [54]. Bilberry extract improved oxygen radical
low levels of apple, blueberry and their combination, the absorbance capacity (ORAC) levels in kidney tissue,
same trend was observed when used the high levels of which showed that bilberry extract reduced the degree of
apple, blueberry and their combination. The high levels oxidative stress and kidney damage induced by Potassium
(6%) of apple, blueberry and their combination recorded bromated KBrO  [55].
the best results in kidney functions.

Feeding rats on high fructose diet led to significant Effect of Two Levels from Apple and Blueberry on Lipid
increase in uric acid, urea nitrogen and creatinine [45]. Profile of Rats Fed on High Fructose Diet: The effect of
Administration of fructose (60% diet) exacerbates two levels from apple, blueberry and their combination on
proteinuria, worsens renal function and accelerates total cholesterol, triglycerides, high-density lipoprotein-
glomerulosclerosis in the remnant kidney model, cholesterol (HDL-c), low and very low density lipoprotein-
importantly, these abnormalities are not observed in rats cholesterol (LDL-c &VLDL-c) of rats fed on high fructose
fed an equivalent glucose-based diet [51]. Fructose intake diet is presented in Table 5. The data in this table revealed
results in glomerular hypertension and reduced renal that, total cholesterol, triglycerides, LDL-c and VLDL-c
blood flow in association with the development of increased significantly p<0.05 in the control positive
preglomerular vascular disease [52]. Feeding diabetic rats group (rats fed on high fructose diet), while HDL-c
on supplemented diet with different levels from Anna decreased significantly, as compared to the healthy group
apple pomace powder (AAPP), Anna apple pomace (control negative group). Feeding rats on high fructose
decoction (AAPD) and their combinations induced a diet elevated triglycerides, free fatty acids and lipoprotein
significant decrease p<0.05 in serum uric acid, urea abnormalities, these alterations are secondary to the
nitrogen and creatinine [53]. Quercetin presented in apple development of insulin resistance [56]. Feeding rats on

3
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high fructose diet led to significant increase in serum are a rich source of flavonoids, in particular anthocyanins
cholesterol, triglycerides, LDL-c, VLDL-c and decreased and flavanols [64] and have been shown to induce
HDL-c [45]. High dietary fructose consumption can improvements in cognitive performance [65] to inhibit
significantly increase fasting plasma triacylglycerol and oxidative stress and inflammation [66] and to promote
cholesterol concentrations [57]. All tested diet improved beneficial vascular effects [67]. Furthermore, in a
all parameters, on the other hand serum (cholesterol, randomized controlled human intervention study,
triglyceride, LDL-c and VLDL-c) decreased gradually with favourable changes in platelet function, HDL-cholesterol
increasing the levels of apple, blueberry and their and BP were found after consumption of berries for 8
combination, while HDL-c increased with increasing the weeks in elderly individuals with CVD risk factors [68].
levels. The highest improvement of lipid fractions The consumption of dietary quantities of BB may lower
recorded for the group treated with diets containing 6% BP and improve endothelial dysfunction induced by a
apple followed by the group treated with (6% combination high fat, high cholesterol-containing diet [69].
of apple and blueberry). The administration of 200 g
fructose per day resulted in a 25% increase in metabolic Effect of Two Levels from Apple and Blueberry on Liver
syndrome, with a significant increase in fasting Enzymes of Rats Fed on High Fructose Diet: The data
triglycerides, a fall in HDL cholesterol, a rise in systolic presented in Table 6 showed the effect of apple, blueberry
and diastolic blood pressures BP and a worsening of and their combination with two levels (3% and 6%) on
insulin resistance measured using the homeostasis model Aspartate Amine Transferase (AST), Alanine Amine
assessment index [58]. Some studies have shown that a Transferase (ALT) and Alkaline phosphatase (ALP) U/L
regular intake of fruits like apple, citrus fruits, berries and of rats fed on high fructose diet. Liver enzymes including
vegetables is associated with improve total cholesterol, (AST, ALT and ALP) in the positive control group fed on
low LDL-Cholesterol, triglycerides, total HDL Cholesterol high fructose diet increased significantly (p<0.05), as
and LDL/HDL ratios [59]. compared to the negative control group fed on basal diet.

Cholesterol fed rats was supplemented with The mean values of AST, ALT and ALP increased in the
lyophilized apples, there was a significant drop in plasma positive control group by about 90.437%, 129.812% and
cholesterol and liver cholesterols and an increase in high- 111.413%, than that of the negative control group.
density lipoproteins (HDL). Furthermore, they found that Fructose in the diet alters the activity of several enzymes
cholesterol excretion increased in the feces of rats fed and regulates hepatic carbohydrate metabolism, leading
apples, suggesting reduced cholesterol absorption [7]. to hepatic insulin resistance [70]. Treating rats with diets
Similar cholesterol lowering effect was seen in cholesterol containing (3% and 6%) apple, blueberry and their
fed rats when rats were fed apples, pears and peaches. combination resulted in significant decrease p<0.05 in
Apples had a greater cholesterol lowering affect than the serum AST, ALT and ALP, as compared to the positive
other two fruits [12]. In obese Zucker rats, apple control group. Feeding groups with diets containing 6%
consumption lowered cholesterol and low-density (apple, blueberry and their combination) decreased the
lipoproteins (LDL), however in lean rats, apple mean values of AST, ALT and ALP significantly p<0.05,
consumption did not change cholesterol levels [60]. In as compared to the groups fed on diets containing 3%
rats supplemented with cholesterol, apple pomace fiber from these tested diet. Treating rats with apple recorded
and sugar beet fiber, the plasma lipids were significantly more effect in reducing AST, ALT and ALP, than other
lower than in rats without the dietary fiber [61]. Apple can tested diets. Treating rats with 6% apple recorded the best
reduce blood cholesterol up to 16% and helps regulate results in improving the liver enzymes, this treatment
blood glucose [62]. Supplemented diet with 1–4% freeze- decreased AST, ALT and ALP by about 34.554%,
dried blueberry powder. LDL and high-density lipoprotein 46.725% and 37.304%, than that of the positive control
(HDL) cholesterol levels were reduced by up to 5% [63]. group. Apple hydro extracts considerably inhibited the
Studies on humans have also been promising. In a feeding elevation of serum level of ALT and AST in acute liver
trial, 48 obese participants with metabolic syndrome had injury induced by CCl  and considerable improvements
diets supplemented with 50g freeze-dried blueberry were observed in liver tissue, it has also been shown to
powder for 8 weeks. Supplemented participants had 6 and inhibit free radicals in vitro [71]. According to Duke [72],
4% lower systolic and diastolic blood pressures than the who reported that apple is rich in antioxidants and
control group, 28% less oxidized LDL and 17% lower polyphenols and the high percentage of potassium can be
levels of plasma malondialdehyde [26]. Blueberries (BB) used  as   adjunctive    therapy    in    arteriosclerosis,  liver

4
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Table 6: Effect of two levels from apple and blueberry on liver enzymes of rats fed on high fructose diet
Parameters
------------------------------------------
Groups AST ALT ALP

----------------------------------------------------------u/l----------------------------------------------------------
Control (-ve) 60.509 ± 5.037 28.515 ± 2.587 80.521 ± 4.104e g h

Control (+ve) 115.232 ± 6.472 65.531 ± 4.560 170.232 ± 5.606a a a

3% apple 86.640 ± 4.221 46.953 ± 4.510 126.462 ± 3.430c cd d

6% apple 75.414 ± 2.075 34.911 ± 3.749 106.727 ± 2.647d f g

3% blueberry 99.586 ± 5.849 56.213 ± 4.156 141.683 ± 5.062b b b

6% blueberry 81.781 ± 5.358 43.683 ± 4.776 120.215 ± 3.725cd de e

3% Mix. (apple and blueberry) 93.835 ± 4.323 51.548 ± 4.846 134.259 ± 3.890b bc c

6% Mix. (apple and blueberry) 75.411 ± 5.659 38.456 ± 3.878 113.730 ± 2.767d ef f

All results are expressed as mean ± SD. 
Values in each column which have different letters are significant different (p<0.05).

Table 7: Effect of two levels from apple and blueberry on serum glucose and bone status of rats fed on high fructose diet
Parameters
-------------------------------------- Ca P BMD BMC
Groups Glucose (mg/dl) -------------------mmol/l------------------ g/cm g2

Control (-ve) 75.808 ± 3.590 3.444 ± 0.114 2.511 ± 0.082 0.130 ± 0.0089 0.171 ± 0.0088f a a a a

Control (+ve) 125.760 ± 5.838 2.539 ± 0.162 1.808 ± 0.133 0.056 ± 0.007 0.075 ±0.0069a e d f e

3% apple 115.277 ± 4.189 2.669 ± 0.160 1.915 ± 0.089 0.068 ± 0.0039 0.090 ± 0.0035b de cd e d

6% apple 104.192 ± 3.850 2.859 ± 0.153 2.083 ± 0.145 0.080 ± 0.0043 0.095 ± 0.0040d bcd bc cd cd

3% blueberry 108.475 ± 3.337 2.797 ± 0.134 2.028 ± 0.159 0.079 ± 0.0032 0.098 ± 0.0039cd bcd bc d bc

6% blueberry 90.723 ± 2.168 2.979 ± 0.182 2.176 ± 0.113 0.096 ± 0.0060 0.104 ± 0.0063e b b b b

3% Mix. (apple and blueberry) 112.432 ± 3.732 2.696 ± 0.170 1.975 ± 0.143 0.074 ± 0.0051 0.098 ± 0.0039bc cde cd de bc

6% Mix. (apple and blueberry) 95.354 ± 1.933 2.916 ± 0.176 2.152 ± 0.109 0.087 ± 0.0046 0.095 ± 0.0050e bc b c cd

All results are expressed as mean ± SD. 
Values in each column which have different letters are significant different (p<0.05).

disease and even diabetes. Flavonoids such as quercetin replication [77]. Blueberry protective effects on acute liver
and its derivatives are the anti-free radical of this  fruit,  so injury induced by d-galactosamine and
decreasing the liver enzymes may be due to the lipopolysaccharide. They reduce the injury to
antioxidant feature and phenol compounds and also the hepatocytes (including inflammation and secretion of pro-
high percentage of potassium and  phytoestrogens of inflammatory cytokines), improve barrier functions and
apple and, with increasing doses of apple extracts its have antioxidant activity [78].
effect on lowering serum levels of liver enzymes increased
[73]. The peels of apples, in particular, are high in Effect of Two Levels from Apple and Blueberry on Serum
phenolics. During applesauce and canned apple Glucose and Bone Status of Rats Fed on High Fructose
manufacture, the antioxidant-rich peels of apples are Diet: Data in Table 7 illustrate the effect of two levels (3%
discarded. Apple peels are an abundant waste in Chilean & 6%) of apple, blueberry and their combination on serum
dried products industry. This by-product has a high (glucose, calcium, phosphorus, bone mineral density
concentration of phenolic compounds that may assist in BMD and bone mineral concentration BMC) of rats fed on
the prevention of chronic diseases [74]. Apple high fructose diet. The mean value of serum glucose
polyphenols (AP) has a significant protective effect increased significantly p<0.05, while serum (calcium &
against acute hepatotoxicity induced by CCl  in mice, phosphorus), BMD and BMC decreased significantly in4

which may be due to its free radical scavenging effect, rats fed on high fructose diet, as compared to the negative
inhibition of lipid peroxidation and its ability to increase control group. Serum glucose increased in high fructose
antioxidant activity [75]. Blueberry has preventive and diet group by about 65.892%, than that of the negative
protective effects on CCl -induced hepatic fibrosis by control group. Treating rats with high fructose diets4

reducing hepatocyte injury and lipid peroxidation [76]. containing (3% and 6%) apple, blueberry and their
Proanthocyanidin isolated from blueberry leaves may be combination led to significant decrease p <0.05 in serum
used against hepatitis C virus by inhibiting viral glucose, as compared to the positive control group. Serum
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glucose decreased gradually with increasing the levels of which were treated with 6% (apple and blueberry),
tested diets. The highest decrease in serum glucose respectively, the same  trend  was  observed  in  BMC.
recorded for the group fed on high fructose  diet The mean value of BMD increased gradually with
containing 6% blueberry, followed by the group treated increasing the levels of (apple, blueberry and their
with 6% combination of apple and blueberry. A 40% combination). The best results in bone status recorded for
sucrose diet (which contains 20% fructose) given to rats the group treated with 6% blueberry, followed by the
at approximately 90% of regular intake for 4 months group treated with 6% combination of (apple and
induces hypertriglyceridemia, insulin resistance, fatty liver blueberry), respectively.
and â islet dysfunction with the development of frank Fruits and vegetables provide nutrients that are
diabetes, in contrast, control rats administered starch thought to be associated with improved bone health
show much less metabolic disturbance [79]. Not only may (vitamin C, potassium, magnesium and vitamin K) in
apples help decrease the risk of heart disease, cancer and addition to producing alkaline metabolites that might
asthma, but apple consumption may also be associated improve bone health by reducing calcium excretion [85].
with a lower risk for diabetes. In the previously discussed Intake of fruits and vegetables are associated with
Finnish study of 10,000 people, a reduced risk of Type II improvement in bone mineral density and other bone
diabetes was associated with apple consumption [80]. markers in epidemiologic studies. Only a few studies have
Higher quercetin intake, a major component of apple examined apple and apple products but preliminary
peels, was also associated with a decreased risk in type II observations suggest that AP may have a positive impact
diabetes. Myrectin and berry intake were also associated on markers related to bone health [86]. A meta-analysis by
with a decreased risk in type II diabetes, but onion, Johnell et al. [87], which included data from 12 cohort
orange, grapefruit and white cabbage intake were not studies of approximately 39,000 men and women, reported
associated with a lowered risk. Apple can reduce blood that among the different measures studied, BMD
cholesterol up to 16% and helps regulate blood glucose assessed using DXA had the strongest predictive ability
[62]. of fracture risk. The findings of the present study indicate

Two recent clinical studies where participants that blueberry protected against the GIOP -induced bone
consumed blueberries formulated into a beverage have loss as it prevented the loss of whole-body BMD. These
demonstrated improved insulin sensitivity in insulin- finding is in accordance with Devareddy et al. [88], who
resistant subjects [81]. A single dose of an anthocyanin- indicated that Blueberry treatment (5% blueberry w/w)
enriched blueberry fraction administered to diet-induced was able to prevent the loss of whole-body BMD in an
obese and diabetic mice significantly lowered blood ovariectomized rat model. This effect may be due to the
glucose levels [82]. When mice were fed a high fat diet components of blueberry which function as free radical
supplemented with an anthocyanin enriched blueberry scavengers [89]. This observation is supported by a
extract, indicating that sugars and possibly other report which ranks the blueberry extract to have the
components were masking the benefits of the highest antioxidant capacity in comparison with other
anthocyanins and other polyphenols [83]. Daily dietary fruits and reference compounds such as vitamin  C  [90].
supplementation of bioactives in freeze-dried whole In addition, some berries (such as blackberries and
blueberry powder improved insulin sensitivity over 6 blueberries) also contain significant levels of
weeks in obese, nondiabetic and insulin-resistant phylloquinone (vitamin K) that may affect bone health
participants. The bioactives in blueberries enhanced [91].
insulin sensitivity independent of any changes in
inflammatory biomarkers or adiposity [84]. Serum (calcium Recommendations: According to our results, we can
& phosphorus), BMD and BMC decreased significantly recommend the followings: 
in rats fed on high fructose diet, as compared to the Encouragement of nutrition education programmers
negative control group. The most tested diet containing investigating the importance of dried fruits in
60% fructose and (apple, blueberry and their combination) promoting health.
improved serum (calcium & phosphorus), BMD and BMC. Nutritional education programs are needed about the
The mean value of serum calcium and phosphorus of the important of consumption of apple, blueberry and
groups treated with 3% (apple and blueberry) showed their combination to improve the complication which
non-significant changes, as compared to the groups resulted from the consumption of high fructose diet.
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