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Abstract: Polyphenols responsible for the antioxidant activity in apple are still in the pomace. The apple
pomace could provide a cheap and readily available source of dietary antioxidants. The present work carried
out to mvestigate the effect of diets supplemented with different levels of Anna apple pomace powder (AAPP),
decoction (AAPD) and their combinations on blood sugar level, daily food intake, organs weight to body
welght ratio in alloxan diabetic rats. Serum Lipid profile, kidney function and liver function were also studied.
Forty eight male albino rats (Spragu Dawley Strain) were divided mto two main groups. The first mam group
(n=6) was fed on basal diet (B.D) and was considered negative control group. The second main group (42 rats)
was 1njected with (150 mg/kg bowt) of recrystallized alloxan to induce hyperglycemia. Diabetic rats was
randomly assigned to seven equal subgroups: one of them left as positive control and the other six subgroups
as a following: groups (1% and 2") received basal diet containing two levels from AAPP (2.5 & 5%) groups
(3" and 4™) fed on B.D and received (2.5 and 5%) (AAPD), respectively. Fifth and six groups received (B.D)
containing combinations of (1.25% AAPP Plus 1.25% AAPD) and (2.5% (AAPP) Plus 2.5% (AAPD)
respectively. Supplemented diet with different levels of (AAPP), (AAPD) and their combinations resulted
improvement of the body weight gain, in addition to the percent of organs weight/ body weight. Results
revealed that the mean values of serum albumin increased m treated diabetic groups. While the levels of uric
acid, urea nitrogen and creatinine, glucose, aspartate aminotransferase (AST) and alanine amino transferas
(ALT) very low density lipoprotein VLDL-c were decreased n all treated groups as compared to the positive
control group, while (HDL-c) increased. The conclusion was drawn that Egyptian Anna apple pomace contain
considerable number of healthy compounds namely polyphenols and flavoneids. This study demonstrated
that diabetic rats were fed on high levels of (AAPP), (AAPD) or their combinations realized the best modulating
effects on diabetic rats.
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INTRODUCTION

Diabetes mellitus is a group of metabolic alterations
characterized by hyperglycemia resulting from defects in
Tt has already been
established that chronic hyperglycemia of diabetes is
associated with long term damage, dysfunction and
eventually the failure of organs, especially the eyes,

insulin secretion, action or both.

kidney, nerves, heart and blood vessels [1]. Increasing
evidence from both experimental and clinical studies
suggests that oxidative stress plays a major role i the

pathogenesis of diabetes mellitus. Free radicals are

formed m diabetes by glucose oxidation, non-enzymatic
glycation of protems and the subsequent oxidative
degradation of glycated proteins [2]. Abnormally high
level of free radicals and the simultaneous decline of
antioxidant defense mechanism can lead to damage of
enzymes, lipid
peroxidation and development of insulin resistance.

cellular organelles and imcreased
These consequences of oxidative stress can promote the
development of complications of diabetes mellitus [3].

Tt is now widely accepted that dietary polyphenolics
have beneficial effect in protecting the body against

chronic disease, such as cancer, cardiovascular disease
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and diabetes mellitus [4]. Flavonoids are biologically
active, polyphenolic constituents of plant foods and are
found fruits, vegetables and legumes.
Flavonoids are composed of several subclasses that have
the ability to scavenge free radicals and chelate metals [5].

1 various

Given the hypothesized relation between diabetes and
mflammation Ziegler [6] and the potential for flavonoids
to protect the body against free radicals and other
pro-oxidative compounds. The mechanism of many of
of flavonoids remains little

the protective actions

known. Omne of common denominators 1s antioxidant
activity. Flavonoids can exert their antioxidant activity by
various mechanisms e.g. scavenging or quenching the

free radicals, by chelating of metal 1ons, or by mhibiting

enzymatic systems responsible for free radical
generation [7].
Apple pomace including seeds has been

demonstrated to be rich source of polyphenolics and
some phenolic constituents, especially the procyamdmns
and quercetin glycosides, have shown to exert strong
antioxidant [8]. Lu and Foo [9] reported that the
polyhenols, which are mamly responsible for the
antioxidant activity, are present i apple pomace. These
phenolics isolated from apple pomace have been found to
have high antioxidant activity suggesting that apple
pomace may have dietary health benefits [10]. Ismail and
Bayomey [11] found that the Egyptian Anna apple
pomace have considerable amount of catchein, ferrulic
acid, Chlorogenic, gallic acid, vanillic, syrngic, chatechol
and others. The predominant flavonoid compounds were
Quercetin, which was found to be the predominant
compound and amounted in 271.13 mg/ g, while the
mediated compounds were luteolin, apigmin, rutin,
narengenin and sakurantin. The minor compounds were
hypersoid and kampferol. On other side, the biological
results showed that diabetic group which were fed on BD.
supplemented with different levels of (AAPP), (AAPD)
and their combinations recorded significant improvement
mn feed efficiency ratio.

The present study was a trail to investigate the effect
of supplementation with different levels from Egyptian
Anna apple pomace as a potential of natural source of
polyphenols responsible the
antioxidant activity on body weight gain percent, organs
weight/ body weight ratio. Serum glucose level, liver

and flavonoids for

function, kidney function and lipid profile of diabetic rats.
MATERIALS AND METHODS

Materials: Amna apple (Malus domestica), family
Rosaceae were purchased from El-Oboor market. Olive
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section and semi arid zone, Horticultural Research
Institute, Agriculture Research Center, Giza, Egypt,
authenticated Anna apple (Malus domestica). Apple
were washed and cut to slices, the slices were pressed
under hydraulic system (in the unit of olive oil production,
Food Technology Research Institute) to separate the
apple juice, the residual, (Anna apple pomace) (AAP)
were dried by solar energy at National Research Center
and ground to powder to pass through 130um Sieve.
Apple pomace decoction was performed as follow: dried
(AAP) were boiling n 1L of water for 10 min. Ths
filtered and administered to the
experimental ammals by gastric route according to
Carrillo et al. [12].

preparation  was

Chemicals: Vitamins, minerals, casein, choline chloride
and cellulose were purchased from El-Nasr Pharm. and
Chem. Ind. Comp. Cairo, Egypt. Corn starch and corn oil
were obtained from local market. Kits used to determine
serum biochemical parameters were purchased from Alkan
Pharm. Ind. Comp. Cairo, Egypt.

Rats: Forty-eight male albino rats (Spragu Dawley Strain)
weighting 100+5g were obtained from the laboratory of
animals colony, Ministry of Health, Helwan, Cairo, Egypt.

Experimental Animals Design: Rats were housed in
individual cages under hygienic laboratory condition and
were fed on basal diet adlibitum for one week for
adaptation in the animal house of Faculty of Home
Economics, Helwan Umiversity. The basal diet in the
preliminary experiment consists of 14% casein (protein >
85%), corn o1l (4%0), Cellulose (5%, vitamin mixtures (1%),
salt mixtures (3.5%), choline chlonide (0.25%) and
cornstarch (72.25%) according to Reeves et al. [13]. The
salt mixture and vitamin mixture were prepared according
to Hegsted et al. [14] and Campbell [15]. After this weels,
rats were divided into two main groups. The first main
group (6 rats) fed on basal diet and was considered
(negative control group). The second main group: Forty
two rats were injected with (150 mg/kg b.wt.) of
recrystallized alloxan to induce hyperglycemia according
to the method described by Arbeeny and Bergquist [16].
After 4 days, blood samples were obtained from rats eyes
to estimate glucose levels. The second main group
(diabetic rats) was randomly assigned to seven equal
subgroups: one of them left as positive control, fed on
basal diet and the other sex groups fed on basal diet
containing (1) 2.5% Anna apple pomace powder (AAPP),
(2) 5% (AAPP) (3) 2.5% Anna apple pomace decoction
(AAPD) (4) 5% % (AAPD) (5) 2.5% combination of
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(1.25% "AAPP" plus 1.25 "AAPD") (6) 5% combination
of (2.5% "AAPP" plus 2.5% "AAPD" ) Body weight, food
consumption were measured twice a week and total
food mtake of the experimental period (4 weeks) and body
weight gain % were calculated.

Biochemical Analysis of Serum: At the end of the
experiment period the rats were starved for 12 h and then
sacrificed under ether anaesthetized. Blood samples
were received into clean dry centrifuge tube and left to
clotatroom temperature, then centrifuged for 10 minutes
at 3000 r.p.m to separate serum. Serum was carefully
separated into dry clean wasserman tubes, using a
Pasteur pipette and kept frozen at (-20°C) till estimation
of some biochemical parameters, 1.e. serum cholesterol
(TC)H [17], triglycerids (TG) [18], high-density lipoprotein
cholesterol (HDL-c) [19]. While serum low-density
lipoprotein cholesterol (LDI.-¢) and very low-density
lipoprotemn  cholesterol (VLDL-c) were calculated
according to the equation of Friedwald [20]. Total
albumin was carried out according to Dumas ef al [21]
Uric-acid [22], Urea nitrogen [23]. Serum Creatinine
according to Faulkner and King [24], aspartate amino
transferase (AST) and alanine amino transferase (ALT)
[25] and Serum glucose [26].

Statistical Analysis: Statistical analysis was carried out
using SPSS statistical software version 11. The results
were expressed as mean + SD. Data was analyzed by one
way analysis of variance (ANOVA). The differences
between means were tested for significance using least
significant difference (LSD) test at P<0.05 and correlation
coefficient [27].

RESULTS AND DISCUSSION

Biological Effect of
(Malus domestica) Powder.
Combinations on Body Weight Gain % and Organs
Weight/ Body Weight Percent in Diabetic Rats: Table 1
illustrated the effect of Anna apple pomace powder
(AAPP), Anna apple pomace decoction (AAPD) and their
combinations on some nutritional parameter, body weight
gain percent and liver, kidney and spleen weight/ body
weight %. Results revealed that food intake body weight
gain percent of all treated diabetic groups with (BD.)
supplemented with different levels of (AAPP) or (AAPD)
and their combmations recorded significant increase
(P < 0.05), as compared to control positive group. In this
respect, Farouque and Meredith [28] suggested that this
may be explained by possible increased msulin secretion
or increased food consumption.

Anna  Apple Pomace

Decoction and Their

&0

Concerning the effect of Anna apple pomace
powder (AAPP), (AAPD) and their combinations on the
weight of some organs such as liver, kidney, heart and
spleen to body weight of diabetic rats. Results revealed
that diabetic groups which fed on (BD.) only and those
fed on (BD.) supplemented with different levels of
(AAPP), (AAPD) and ther combinations have higher
organ weight to body weight ratio as compared to non
diabetic rats.

In this respect Alluru et al. [29] reported that, in
general the kidney weight, 24 howr food intake, water
intake, urine volume and albumin urea were significantly
higher in diabetic than in normal rats. Increased kidney
weight may indicate the progression to renal failure
worsened by oxidative stress in diabetic nephropathy.
Our results revealed that BD. supplemented with different
levels of (AAPP), (AAPD) and their combinations
induced significant decrease in organs weight/ body
weight% as compared to the positive control group.
Diabetic group which fed on BD. supplemented with
5% combination of (2.5% AAPP plus 2.5% AAPD),
recorded the best improvement in organs weight/body
weight %. In addition results showed, decrease in the
liver weight as compared to the positive control group.
While the kidney and spleen were recorded non
significant different (P < 0.05) as compared to non
diabetic control group.

In this concern, Thuyaisingham et al. [30] reported
that antioxidant treatment may have a potential role for the
prevention of diabetic nephropathy.

Effect of Anna Apple Pomace Powder, Anna Apple
Pomace Decoction and Their Combination on Kidney
Functions of Hyperglycemic Rats: Table 2 shows the
effect of different levels of (AAPP), (AAPD) and their
combinations on serum uric acid, urea nitrogen, creatimne
and albumin of diabetic rats. Results revealed that the uric
acid, urea nitrogen, creatinine (Mg/dl) for positive control
group, significantly increased, while the mean value of
serum  albumm (g/dl) decreased as compared to
control negative group. The mean values =+ SD were
(2.284 = 0.108, 58.193 £ 3.754 and 0.875 £0.067 vs.
1.572 £ 0.077, 31.074 £ 2712 and 0492 + 0.028,
respectively), while the mean value of albumm of the
positive control group recorded significant decrease
(P<0.05) as compared to negative control group
(2.447 £0.050 vs 3.112 +0.236, respectively). This finding
was in agreement with the results of Alluru ef al. [29].
Our results revealed that feeding diabetic rats on
supplemented diet with different levels from (AAPP),
(AAPD) and their combinations mduced a significant
(P < 0.05) decrease 1 serum uric acid, urea nitrogen and
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Table 1: Effect of Feeding Supplemented diet with Anna Apple Pomace Powder (AAPP), Anna Apple Pomace Decoction (AAPD) and their Combinations
on Daily Food Intake Body Weight Gain % and Organs Weight/Body Weight % in Diabetic Rats.

Parameters

Organs Weight/ Body Weight %6

Groups Food Intake(g/day rat) Body weight gain % Liver Kidney Spleen
Control (-) 14,393+ 51.696* 2.827¢ 0.631° 0.284¢
+£0.241 +£2.602 +0.088 £0.010 +0.006
Control () 12.935¢ 25751¢ 3439+ 0.762¢ 03752
+0.351 +£2.343 +£0.055 +£0.021 +0.009
2.5% (AAPP): 13.235% 33.085 3311 0.719*® 0.351°
+0.152 +2.233 +0.024 +0.091 +0.007
5% (AAPP) 13.550° 39,953 ¢ 3.1094 0.688 ° 0327¢
+0.483 +2.283 +0.077 +£0.011 +0.012
2.5% (AAPD) 13.373® 31.460° 3.268°b¢ 0.723¢ 0364
+0.182 +1.557 +0.047 +£0.008 +0.009
5% (AAPD) 13.662° 38213¢ 3.208° 0.685° 0.340°
+0.422 +3.135 +0.033 +0.007 +0.009
2.5% Combination of 1.25% 13.572° 38102°¢ 2.979¢ 0.669 1 0.31914
(AAPP) + 1.25% (AAPD) +0.511 +2.452 +£0.076 £0.012 +0.008
5% Combination of 2.5% 13.683° 43.770° 2911°¢ 0.642¢ 0.292¢
(AAPP) + 2.5% (AAPD) +£0.277 £ 1.500 +0.064 £0.012 +0.014

Values are expressed as means + SD

(AAPP) Anna Apple Pomace Powder

Significance differences P < 0.05
Values which don't share the same letter in each column are significantly different.

(AAPD) Anna Apple Pomace Decoction

Table 2: Effect of Anna Apple Pomace Powder (AAPP), Anna Apple Pomace Decoction (AAPD) and their Combinations on S8erum Uric Acid, Urea nitrogen,
Creatinine and Albumin in Diabetic Rats

Parameters
Mg/ dD) g/dl
Groups Uric acid Urea nitrogen Creatinine Albumen
Control (-) 1.572% 31.074% 0.492° 3.112¢
+£0.077 +£2.712 +0.028 +0.236
Control () 2.284# 58.193+ 0.875¢ 2.447¢
+0.108 +3.754 + 0.067 + 0.050
2.5% (AAPP) 1.891¢ 46,913 0.688° 2.801 °4
+0.148 +3.457 + 0.069 +0.158
5% (AAPP) 1.655%¢ 42,791 ° 0.556¢ 3.004
+0.071 +£2.956 +0.038 +0.159
2.5% (AAPD) 1.994" 49,273 0.697° 2.718¢
+ 0.099 +3.455 + 0.057 + 0.087
5% (AAPD) 1.7084¢ 46.053° 0.631° 2.879°b¢
+0.979 +1.833 +0.028 + 0.031
2.5% Combination of 1.25% (AAPP) 1.813¢¢ 47.476° 0.594 4 2.820°4
+1.25% (AAPD) +0.068 £2.077 +0.019 +0.095
5% Combination of 2.5% (AAPP) 1.7434¢ 42.418° 0.5694 2.885°%¢
+2.5% (AAPD) +0.044 +2.042 + 0.032 + 0.053

Values are expressed as means + 8D Significance differences P < 0.05

Values which don't share the same letter in each column are significantly different

(AAPP) Anna Apple Pomace Powder

(AAPD) Anna Apple Pomace Decoction
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Table3:  Effect of Anna Apple Pomace Powder (AAPP), Anna Apple Pomace Decoction (AAPD) and their Combinations on Serum Glucose and Liver
Functions of Diabetic Rats
Parameters
Liver Functions (U/1.)
Groups Glucose (mg/dl) AST ALT
Control (-) 84.257° 75.207° 29.532¢
+4.034 +4.215 +3.246
Control () 198.057* 103.600* 62.533*
+8.052 +£5.144 +4.842
2.5% (AAPP) 169.950* 92,098 50.365°¢
+4.216 +4.675 +3.346
5% (AAPP) 142.625* 82.769° 41.9751
+4.975 +3.701 + 2496
2.5% (AAPD) 176.227° 96.489° 56.176°
+4.208 +£3.627 +3.664
5% (AAPD) 149.971¢ 85.039 ¢ 44,1281
+5.543 +1.642 +1.911
2.5% Combination of 1.25% (AAPP) + 1.25% (AAPD) 170.518° 89,497 cd 48.572°¢
+3.233 +4.807 +2.280
5% Combination of 2.5% (AAPP) + 2.5% (AAPD) 144.9924¢ 85.614 % 37.739°
+ 3,391 + 5031 1+ 2180
Values are expressed as means + SD Significance differences P < 0.05
Values which don't share the same letter in each column are significantly different.
AST Aspartate amino transferase (AAPP) Amna Apple Pomace Powder
ALT Alanine amino transterase (AAPD) Anna Apple Pomace Decoction
creatimne, while results showed a sigmficant (P < 0.05) attenuation of diabetic nephropathy has been

increase in the serum albumin level. The best results were
noticed in the group of rat which received (5% AAPP).

In this respect, Mongensen and Christensen [31]
reported that the natural history of diabetic nephropathy
15 well known. 1.e., dipstick-positive proteinuria and the
development of renal failure follow the appearance of
microalbuminuria. The production of peroxymtrite
mncreases in the proximal tubules of patients with diabetic
nephropathy, suggesting that oxidant injury of the
proximal tubles plays umportant parting  the
pathogenesis of diabetic nephropathy.

darn

In another study we could identify flavonoids
compounds extracted from Egyptian Anna apple
pomace which were eight components. Quercetin was
found to be the predominant compound and amounted
271.13 mg/g concerning  polyphenols, we could identify
twelve phenolic compound in dry Egyptian Ama apple
pomace. The predominant phenolic compounds were
catchemn, which amounted 47.16 mg/g. Our results
revealed that FEgyptian Amna apple pomace have
considerable number of healthy compounds namely
polyphenols and flavonoid [11].

In this respect, Jerums et al. [32] reported that
oxidative stress has been though to be a potential factor
in the progression of diabetic complications thus far
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demonstrated by using many antioxidants such as vitamin
E, a-lipoic acid and flavonoids. Antioxidant treatment
may have a potential role for the prevention of diabetic
nephropathy Anjaneyulu and Chopra [33]. The major
finding of the present study were that polyphenol
containing Amna apple pomace powder, Anna apple
pomace decoction and its combinations induced
significant improvement in kidney functions of diabetic
rats. In this concern, Kanter and Oter [34] reported that
Quercetin led to reduce oxidative stress and nephropathy

in diabetic rats.

Effect of Anna Apple Pomace Powder, Decoction and
Their Combinations on Serum Blood Glucose and Liver
Functions of Diabetic Rats: Table 3 illustrate the effect of
different of (AAPP), (AAPD) and their
combinations on glucose, aspartate amine transferase
(AST) and alanine aminotransferase (ALT) levels in serum

levels

of diabetic rats. The results revealed that, glucose level for
the diabetic control group highly significant increased
(P<0.05) as compared to the negative control group.
The values were 198.057+8.052vs 84.257+4.034mg/dl.
Treating diabetic rats with different levels of (AAPP),
(AAPD) and their combinations led to significant
(P < 0.05) decrease in serum glucose level as compared to
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control positive group. The best results for glucose level
were noticed in the groups of rats, which received. BD.
supplemented with 5% (AAPP) followed by diabetic
group which received combination (2.5% AAPP plus 2.5%
AAPD) followed by diabetic group which received BD.
plus 5% (AAPD). The lowest decrease in serum glucose
level recorded n group that treated with combmation of
(1.25 AAPP plus 1.25 AAPD).In this respect, Szkudelski
[35] reported that Alloxan, a chemical diabetogen, in the
presence of glutathione is reduced via the alloxan radical
mto dialuric acid. During this redox cycling process,
reactive oxygen species are formed that destroy P-cells in
islets of langerhans. Tn this concern Maghrani et al. [36]
suggested that flavonoeids may cause potent inhibition of
renal glucose reabsorption through nhibition of the
sodium glucose symporters located in the proximal renal
tubule.

In this respect, Burguieres et al. [37] found that
phenolics have high antioxidant activity, angiotensimn-
converting enzyme I mhibitory activity and also good
inhibitory activity on carbohydrate - modulating enzyme
such as o-glucosidase related to glucose absorption in
the mtestine. The potential for managing both glucose
absorption and cellular redox dysfunction for preventing
postprandial hyperglycemia linked to type 2 diabetes
and hyperglycemia-induced vascular complications.
Machha et al. [38] reported that beneficial actions of
quercetin were mediated by its antioxidant protection
of coupled
reduction in blood glucose level and oxidative stress.
Lukacinova et al. [39] cleared the beneficial effect of
on glycosuria and antioxidant status,
suggested that the protective effect of flavonoids is partly

endothelium-derived  nitricoxide, to

flavonoids

related to their antioxidative chelatory properties and
partly to the alteration of renal glucose absorption.

Concerning of AST and ALT, it could be observed
that the of AST and ALT
significantly (P < 0.05) in the positive control group, as
compared with the negative control group (103.609+5.144
and 62.533+4.842) vs (75.207+4.21 5 and 29.532+3.246),
respectively.

In this respect, Sallie et al. [40] reported that the rise
i levels of serum AST and ALT has been attributed to
the damaged structural integrity of the liver, because
these enzymes are cytoplasmic in location and released

levels increased

into circulation after cellular damages. Feeding
supplemented basal diet with different levels of (AAPP),
(AAPD) and ther combmations induced a significant
decrease (P<0.05) in the level of AST and ALT as
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compared to the control positive group (diabetic group).
The highest decrease in AST value was observed in the
group which treated with (5% AAPP) followed by (5%
AAPD) and 5% of their combinations, while the lowest
decrease was recorded in the group that treated with
(2.5% AAPD).

In this concern Molina et al. [41] found that, in mice
liver treated with ethanol, quercetin decreased lipid
oxidation and increased glutathione, protecting the liver
from oxidative damage.

Effect of Anna Apple Pomace Powder (Aapp), Anna Apple
Pomace Decoction (Aapd) and Their Combinations on
Lipid Profile of Diabetic Rats: Table 4 shows the effect of
(AAPP), (AAPD) and their combinations on serum total
(TC), triglycerides (TG), low density
lipoprotein cholesterol (LDI.-¢), very low density
lipoprotein cholesterol (VLDL-¢) and high density
lipoprotemn cholesterol (HDL-¢) in diabetic rats. The mean

cholesterol

values of serum total cholesterol and triglycerides
significantly (P<0.05) increased for positive control group
while the mean values of HDIL-¢ significantly (P<0.05)
decreased the mean values of LDL and VLDL-c recorded
signmficantly (P<0.05) increased of the control positive
group (diabetic group) as compared to the control
negative group (normal group).

In this respect, Mehta ef al. [2] and Ghosh and
Konishi [3] reported that oxidative stress plays a major
role in the pathogenesis of diabetes mellitus. Abnormally
high levels of free radicals and the simultaneous decline
of antioxidant defense mechamsms can lead to damage of
cellular organelles lipid
peroxidation and development of insulin resistance.

and enzymes, increased
These consequences of oxidative stress can promote the
development of complications of diabetes mellitus. Recent
experimental and climcal studies have uncovered new
insights into the role of oxidative stress in diabetic
complications, suggesting a different and innovative
approach to possible "causal" antioxidant therapy e.g.
flavonoids [42].

Our results revealed that feeding diabetic rats on BD.
supplemented with different levels of (AAPP), (AAPD)
and their combinations, induced a sigmificant (P<0.05)
merease in the mean value of HDL-c and at the same time
shows a significant (P<0.05) decrease in serum levels of
total cholesterol, triglycerides, L.DL-¢ and VLDL-c values
of diabetic groups as compared to the positive control
group. The highest decrease in total cholesterol,
triglycerides, T.DI-¢ and VL.DIL-¢ values were observed in



World J. Dairy & Food Sci., 5 (1): 58-66, 2010

Table 4: Effect of Anna Apple Pomace, Anna Apple Pomace Decoction and their Combinations on Lipid Profile of Diabetic Rats.

Parameters
Lipid profile (Mg/dl)
Groups Cholesterol Trighycerides HDIL.-c LDL-c VLDL-
Control (-) 81.377 43,5131 47.203* 25.472¢ 8703 ¢
+3.339 + 3.080 +2.853 +0.706 +0.616
Control () 157.825+ 73.197 ¢ 33.933- 106.253° 14.639
+ 3.785 +3.949 +1.744 +3.519 +0.788
2.5% (AAPP) 130.555¢ 59.702°%¢ 39.398" T9.217¢ 11.940%
+ 4.009 +4.584 +2.916 +1.519 +0.917
5% (AAPP) 123.702¢ 50476 42.439° T1.168* 71.168*
+3.393 + 2.637 +1.549 +1.546 +0.527
2.5% (AAPD) 136.878% 61.821° 35.934 % 88.500° 12.364 ®
+3.877 +4.485 +2.276 +3.248 +0.897
5% (AAPD) 128.592¢ 52.564 % 42.187° 75.891¢ 10.513
+4.383 +2.206 +2.475 +2.885 +0.441
2.5% Combination of 1.25% (AAPP) + 1.25% (AAPD) 130.156° 56.881 ¢4 37.346°9 81.434° 11.376°¢
+3.511 + 5.605 +1.601 +2.068 +1.121
5% Combination of 2.5% (AAPP) + 2.5% (AAPD) 119.9744 48.288 ¢ 42.772° 67.545 ¢ 9.657¢
+4.156 +4.992 +2.216 +2.628 +0.998

Values are expressed as means + SD

Significance differences P < 0.05

Values which don't share the same letter in each column are significantly different.

Me/dl Milligram/ deciliter

HDL-c High-density lipoprotein cholesterol.
LDL-c Low-density lipoprotein cholesterol.
VILDL-c : Very low-density lipoprotein cholesterol.

the diabetic group which treated with BD. supplemented
with 5% combination of 2.5% (AAPP) Plus 2.5% (AAPD),
followed by 5% (AAPP) and 5% (AAPD), while the lowest
decrease was rtecorded in the group that fed on BD.
supplemented with (2.5% AAPD).

In this respect, Peng and Kuo [43] reported that
combined apple pectin and apple phenolic fractions
lowered plasma and liver cholestercl, triglycerides and
apparent cholesterol absorption to a much greater extent
than either apple pectin alone or apple-phenolics alone.
Phloridzin, chlorogenc acid, epicatechin and quercetin
glucosides have all been isolated from apple pomace.
These phenolics isolated from apple pomace have been
found to have high antioxidant activity decrease lipid
oxidation and lower cholesterol, potentially explaimng
their role in reducing risk of chronic disease. In this trial
treating diabetic rats with Anna apple pomace powder,
decoction and its combinations (high dose) recorded the
best results of TG, TC, HDL-¢, LDL-¢ and VLDL-c levels,
which indicated that this administration improves the
metabolic condition with diabetic disorder and that this
could help realized the best modulating effects on diabetic
rats. In this respect Mayer ef af. [44] demonstrated that
addition of apple phenolics to human serum decreased
diphenylhexatriene-labeled phosphatidylcholine (DPHPC)
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oxidation in a dose dependent manner. (DPHPC) is
incorporated mto low - density lipoprotein (LDL), lngh
density lLipoprotein and very low density lipoprotein
(VLDL) fractions and is an indicator of oxidation reflecting
the apples antioxidant activity i vive.In this concern,
Breinholt et al. [45] reported that LDL oxidation inhibition
varied greatly between brands of fruit juice, ranging from
9 to 34% inhibition and whole apples inhibited LDIL
oxidation by 34%. Apple peels inhibited DL oxidation by
34%, while the flash alone showed sigmficantly less
wnhibition (21%).  Apples sigmificantly lowered lipid
oxidation both in humans and rats and lowered cholesterol
inhuman. These effects, which may be attributed to both
the phenolics and the dietary fiber found in apples. In this
respect, Sanchez-Moreno ef al. [46] reported that dietary
antioxidants that are incorporated in LDI are themselves
oxidized when these LDL are exposed to prooxidative
conditions before any extensive oxidation can occur m the
sterol or polyunsaturated fatty acids. In addition,
phytochemicals have been shown to have roles in the
modulation of cholesterol synthesis and absorption [47].

In conclusion the results taken together mdicated
that Egyptian Ama apple pomace (Malus domestica,
Rosaceae) as a good source of polyphenols
flavonoids which has

and
antioxidant properties, when
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incorporated into diet could contribute to potential

management of hyperglycemia and disturbed of lipid

pattern. This also helps to alleviate complications such as

organs functions.

10.
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