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Abstract:

This study aimed to investigate the protective and therapy effect of
apple peel as food additives which may be due to increase the efficiency of
the immune system or reactivity it in experimental animals. Results showed
that all Gs recorded significant increases in body weight, food intake and
food efficiency in the experimental period. G (1) gave significant increases
in body weight, food intake and food efficiency when compared to G (2)
during the first three weeks. The relative percentage of spleen weight was
increased significantly in Gs (1&2) when compared to control Gs. G (1)
gave insignificant increases in percentage of spleen weight when compared
to G (2). RBC’s count was significantly decreased in G (1) when compared
to (Co+). The same results were noticed for levels of Hb and Hematocrit
when compared to (Co+). The RBC’s, Hb and hematocrit count was
increased in weeks (0, 2, 4 and 6), in G (2). G (2) gave increases in RBC,s ,
Hb and HCT in week 6 and G (1) gave decrease in MCV, MCH. The level
of PLT and PCT were increased in G (1). Significant increases in
Granyolocyte were detected in G (1) when compared to (Co+). The
Monocyte % and Granyolocyte were increased significantly in weeks 4 and
6 when compared to (Co-) in week 6. Urea, BUN and creatinine level were
decreased in G (1), BUN/creat. Ratio gave significantly increase when
compared to (Co+). Urea level and BUN was higher in week 0 and decrease
gradually in week 2, 4 and 6 in G (2). G (2) gave significant increases in
urea and BUN /creat. Ratio compared to G (1). Level of AST, ALK and
ALK were significantly decreased in G (1) when compared to (Co+). ALT
level was slight increased in serum samples of G (1) when compared to
(Co+). AST level was significantly decreased in serum samples of weeks
2,4 and 6. Similar result was found in G (2). In T.protein and T. globulin
contents were increased in G (1) and the level of T. Albumin and A/G Ratio
were decreased when compared to (Co+). T.protein was increased in week 0
and 2. The level of T. Albumin was increased in G(2) in week 0. T.
Albumin was decreased after 2, 4 and 6 weeks in G (2) and slight decreases
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in the level of T. globulin in G (2) in weeks 0, 2, 4 and 6 when compared to
(Co-). Increases were found in T. Protein and T. Albumin in G (2) when
compared to G (1). IgG levels in group (1) was significantly increased.
Also, slight increase in IgG ratio of T. P. was detected in group (1) when
compared to (Co+). IgG levels and IgG Ratio of T. Protein in group (2)
were decreased when compared to (Co-) in week 0 and 2, significant
increase was detected in weeks 4 and 6. Diet reduced the MDA in Gs(1&2)
when compared to control group. When compared between two experiments
group (1) gave decrease in level of MDA this indicator to the feeding before
stress was the best. Results of the present study recommend that the
important role to apple peel where hence they play a good role in raising the
efficiency of the immune system and body protection against diseases.
However, Millions of pounds of waste apple peels are generated in the
production of applesauce and canned apples each year. We proposed that a
valuable food ingredient could be made using the peels of these apples if
they could be dried and ground to a powder without large losses of
phytochemicals and use it as food additive to support and production
functional food.

Key words: protective and therapy effect, Apple peel, Immune system,
experimental rats suppressed, stress.
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INTRODUCTION

According to the latest research, the old saying, "An apple a day keeps
the doctor away," is fact, not just folklore. The nutritional stars in
apples-fiber, flavonoids, and fructose- translate into apples' able to keep us
healthy (Boyer and Liu, 2004).

The apple is a member of the rose family, with a compartmentalized
core which classifies it as a pome fruit or apple in Latin (Bazzano et al.,
2003).

Wolfe and Liu (2003) found that there is some evidence that chronic
diseases, such as cancer and cardiovascular disease, may occur as a result of
oxidative stress. Apple peels have high concentrations of phenolic
compounds and may assist in the prevention of chronic diseases and
enhance the immune system

Liu et al, (2005) found that a major analysis of 85 studies and
reported that apples were found to be most consistently associated with a
reduced risk of cancer, heart disease, asthma, and type 2 diabetes when
compared to other fruits and vegetables. In addition, eating apples was also
associated with lung function increase and weight loss. Apples are a rich
and very important source of phytochemicals, including flavonoids and
phenols, when compared to other fruits, apples ranked second in total
concentration of phenolic compounds, and perhaps more importantly, had
the highest portion of free phenols.

Apples are also an excellent source of antioxidants, and many of the
phytochemicals found in apples, including quercetin, catechin, phloridzin
and chlorogenic acid, are strong antioxidants. The total antioxidant activity
of 100 grams of whole apple (with the peel) was found to be equivalent to
the antioxidant effect of about 1500 mg of vitamin C (however, the amount
of vitamin C in 100 g of apples is only about 5.7 mg. Nearly all of the
antioxidant activity from apples comes from a variety of other compounds.)
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Whole apples, especially their peels, have been found to have a number of
powerful antioxidant effects. Yet when quercitin, one of the most important
antioxidant flavonoids in apples, was tested by itself in rats, it had no
protective effect. And when apple flesh and apple juice were tested, they
provided less than a tenth the benefit of whole apple (Huxley and Neil,
2003).

In several large epidemiological (population) studies conducted in the
United Kingdom, Finland and the Netherlands, Van Der Sluis et al., (2002)
mentioned that apple consumption (a minimum of 2 apples per week) was
found to be inversely linked with asthma and type 2 diabetes, and positively
associated with general lung health. Researchers attribute apples' protective
effects in these conditions to apples' high concentration of anti-
inflammatory flavonoids, apples may also help combat cholera. Crude
extracts from immature apples were found to inhibit cholera toxin in a dose
dependent manner by up to 98%. However, processing apples into juice
greatly lowers their phytochemical content. (Heinerman, 1995).

Bazzano et al., (2003) Argued that apples contain both insoluble and
soluble fiber. One medium (5 ounces) unpeeled apple provides over 3 grams
of fiber, more than 10% of the daily fiber intake recommended by experts.
Even without its peel, a medium apple provides 2.7 grams of fiber. Pectin
grabs toxins like the heavy metals lead and mercury, and ushers them out of
the body. Both the soluble and insoluble fibers in apples have cancer-
protective activity since they relieve constipation and send potentially toxic
substances out with the stools (thus helping to prevent diverticulosis and
colon cancer). A Flavonoid Unique to Apples called phloridzin Helps
Prevent Menopausal Bone Loss (Puel et al., 2005).

It’s also used to treat diarrhea. One well-known over-the-counter
diarrhea remedy, Kaopectate, actually contains an oxidized form of pectin
(Cho et al., 2004).

Fernandez (2001) reported that a type of pigment in apples that helps
provide their color which concentration in peel , flavonoids have been
extensively researched and found to help prevent heart disease. Apples have
long been touted as an excellent source of flavonoids that act as
antioxidants, mopping up oxygen free radicals that can damage DNA. The
apple flavonoids were able to protect the cells from the effects of tumor
necrosis factor (TNF) by inhibiting the signals in this pathway that would
otherwise damage or kill cells. Apple flavonoids protect cells from damage
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and death by interfering with communications between cells-a further
mechanism than their antioxidant effects (Knekt et al., 1996).

Kern et al., (2005) studied the effect of whole apple extracts in
amounts comparable to human consumption of one, three or six apples a day
to prevent breast cancer in test animals. Apple peel contains high
concentrations of phenols. The phenols in the skin of certain cultivars of
apples may provide a hefty dose of UV-B protection (Boyer and Liu,
2004).

This study was designed to investigate the protective and therapy
effect of apple peel as food additives which may be due to increase the
efficiency of the immune system or reactivity it in experimental animals.

MATERIALS AND METHODS

Materials:
Animals

Thirty two male Swiss albino rats weighting from 125+2g. They were
obtained from the National Research Center (NRC) Dokki Giza Egypt.
Animals were clinically healthy and they randomized and housed in
stainless steel wire bottom cages (3 rats /cage) and maintained in air-
conditioned room on a 12 h light/ dark cycle at 22+ 2 °C and given the basal
diet for one week as an adaptation period before treatments.

Diet

The composition of basal diet used in this study according to Hegsted
et al.,, (1941) was as follows: Casein (15%), corn oil (10%), cellulose
(5%),Vit. Mixture (15%), salt mixture (4%), corn starch (65%). The basal
diet was mixed with apple peels for the experimental groups.

Apple peel

Apple was purchased from the local market, peeled then grounded
before mixing with the diet and added to the basal diet in 100g /kg diet.

During the feeding experiments, animals were daily inspected and
food intake was recorded while body weights were recorded according to
(chapman et al.,1959) . The feeding experiment lasted for 6 weeks.
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Experimental design

Experimental diet and water were offered ad libitum all over the
experimental period. 32 Rats were divided into four groups (8 rats each), the
groups were used in two main experiments.

Experiment I: 1t included 2 groups and classified as follows: the first group
was served as positive control [Co. (+)] and fed on just basal diet. The
second group was fed on basal diet that supplemented with apple peel. Aim
of this experiment was to study the protective effect of diet supplementation
on normal animals against immune suppression.

At the end of the feeding period (6 weeks), the stress was carried out
(for immune suppression) then blood samples were immediately taken for
analysis of hematological and immunological parameters.

Experiment II: At the beginning of the experiment animals were immune
suppressed by stress treatment then divided into 2 groups (8 rats each). The
first group was served as negative control [Co. (-)] and fed on basal diet
only, while the second group were fed on basal diet supplemented with
apple peel.

Blood samples were taken for analysis of hematological and
immunological parameters at the first day (0 week) and then after 2 weeks, 4
weeks and at the end of the feeding period (6 weeks).

Methods:
Stress Method (Immune suppression):-

The rats were treated individually; each animal was put in glass tide
role (tube) of the same size of the rat, to keep it without movement, the two
sides of the tube closed and living some brose for respiration. Then was
subjected on its back in dark refrigerator for 3-4 hours according to Riley
(1981).

Blood Samples:

Blood samples were collected from orbital sinus veins by non
heparinized  capillary  tubes(1.5 ml). One containing EDTA
(ethylenediamine tetraacetic acid) as anticoagulant (I mg/ml blood) and
used for Haemogram parameters. The second tube (without anticoagulant),
was used for the biochemical and immunological parameters.
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The coagulated blood was centrifuged at 3500 r. p. m. for 15 min.,
using cooling centrifuge. Serum samples prepared were divided into a
liquates and kept in deep freezer at -35 °C.

Relative organ weights:

After collection of blood samples, animals were sacrified by cervical
dislocation, spleen was removed and weighted and its ratio to the total body
weight was calculated, then kept in deep freezer at -35°C.

Determination of food efficiency ratio:

Food efficiency ratio (FER), food intake and body weight was
measured according to Chapman et al., (1959).

Blood analysis:
Haemogram parameters:

Red and white blood cell counts, hemoglobin concentration, were
measured according to the methods of Schalm (1986), total and differential
leucocytic counts were measured according to the methods of Wintrobe
(1967) and percent packed cell volume was measured according to the
methods of Nemi (1986).

Mean Cell Volume (MCV), Mean Cell Hemoglobin (MCH), Mean
Cell Hemoglobin Concentration (MCHC) and Red Cell Distribution Width
(RDW) and addition to Platelets (PLT), Mean Platelets Volume (MPV),
Platelets Distribution Width (PDW) and PCT were measured by Automated
blood cell counting using an electronic blood cell analyzer, measured
according to the method of Graig (1998).

Biochemical analysis

Serum urea was determined using kits of bio Merieux according to the
method of Fawcett and Scott (1960), Serum creatinine and Serum
transaminases, Alanine aminotransferase (ALT ) and aspartate
aminotransferase  (AST) were determined by using kits of Bio Merieux
according to the method of Reitman and Frankel (1957), Quantitative
determination of alkaline phosphatase in plasma was carried out according
to Young (1975).

Plasma blood urea nitrogen was measured by quantitave enzymatic
colorimetric method ( Barham and Trinder ,1972 and Fossati , 1980),
Serum total protein was determined by Biuret method described by Henry
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(1964), Serum albumin and serum globulin was determined by bromocresol
green method described by Webster (1974).

Immunological parameters

Determination of IgG concentration levels were measured with ELISA
according to the method of Wiedermann et al., (1993).

The method of Begona et al., (1994) was used for the determination
of lipid peroxides {Malonaldialdehyde( MDA)}.

Statistical analysis

The significance of the main effects was determined by analysis of
variance (ANOVA). The significance of various treatments was evaluated
by Duncan’s multiple range test (P<0.05). All analysis was made using a
software package “Costat”, a product of cohort software Berkley, California.
(Duncan, 1955).
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RESULTS:

Nutritional results:

Table (1): Body weight, body weight gain, food intake and food efficiency
of rats fed on fortificatied diet for six weeks.

Initial | Final | Body |% Body|Daily Body| . °°d | Daily
Treat. | Body | Body |weight| weight | weight | M2K€ | pooq | Food
weight | weight | gain |Increase| increase g/day/ intake efficiency
group

22 | (Cot)| 1265 | 1378 | 11.3 8.9 1.6 74.8 10.7 14.3
S G | 1245 [146.2%] 217 17.4 3.1 84.9* 0.0 25.8%

f (Co.-) | 123.6 | 128.6 5 4.0 0.7 57.8 83 8.3
1 G(Y) | 126.1 | 137.1 11 8.7 1.6 77.8*% | 11.1 13.7*
_'?3 (Co.+)| 137.8 | 149.9 | 12.1 8.8 1.7 84.7 12.1 14.7
B G@) | 1462 |167.7%| 21.5 14.7 3.1 105.2*% | 15.0 19.9*
EN (Co.-)| 128.6 | 133.6 5 3.9 0.7 65.5 9.4 7.8
G (2) | 137.1 |151.8*%| 14.7 10.7 2.1 96.6* | 13.8 14.6*

_’?3 (Co.+)| 149.9 | 160.9 11 7.3 1.6 1143 | 163 9.7
| G| 167.7 |191.3*| 23.6 14.1 3.4 126.5% | 18.1 19.0*
%, | (Co-)| 1336 | 1404 | 6.8 5.1 1.0 77.8 11.1 8.6
G ()| 1518 |177.3*]| 25.5 16.8 3.6 118.5*% | 16.9 22.1*

= | (Cot)| 1609 | 174.9 14 8.7 2.0 124.8 | 17.8 11.4
£ G (1) | 191.3 |221.3*| 30 15.7 4.3 153.2*% | 21.9 18.8*
g, | (Co.-) | 1404 | 1519 | 115 8.2 1.6 99.8 14.3 12.0
G (2 | 177.3 |207.6*| 30.3 17.1 4.3 174.7*% | 25.0 17.2*

< | (Co4)| 1749 | 191.2 | 16.3 9.3 2.3 173.5 | 24.8 8.8
£ G | 2213 [263.7*] 424 19.2 6.1 207.1*% | 29.6 20.7*
%, [(Co.-) | 1519 | 171.7 | 19.8 13.0 2.8 121.8 | 174 16.7
G (2) | 207.6 [257.3*| 49.7 23.9 7.1 201.1 | 28.7 21.5%

fcg (Co.+)| 191.2 | 209.3 | 18.1 9.5 2.6 206.1 | 294 8.6
2| G@) | 263.7 [299.1*| 354 13.4 5.1 278* 39.7 12.9*
£ | (Co.-)| 171.7 | 191.8 | 20.1 11.7 2.9 162.6 | 23.2 12.3
G (2) | 257.3 |308.2*| 50.9 19.8 7.3 270.9*% | 38.7 18.1*

*: Means on the same row differently superscripted are significantly
(P<0.05) different.

Treat. = treatment, G = group, Co. = Control

Data in table (1) showed that animals fed on Apple peel group (1) for
6 weeks gave significant increases in body weight, food intake and food
efficiency gradually at the end of each week when compared to the negative
control group. The highest increase in FER was found in the first week.
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In experiment II, group (2) showed significant increases in body
weight, food intake and food efficiency when compared to the animals
under stress and fed on basal diet without supplements (negative control
group). The highest increases in food efficiency was found in the 3™ week.

Group (1) gave significant increases in body weight, food intake and
food efficiency when compared to group (2) during the first three weeks.
but, in the weeks (4&5) there was no differences between groups (1) and (2)
in body weight, food intake and food efficiency. After 6 weeks group (2)
gave insignificant increases in body weight and food efficiency when
compared to group (1).

Relative spleen weight:

Table (2): The effect of apple peel on spleen weight:

Treat. Spleen weight(mg) | Body weight (g) | % Spleen weight
(Co. +) 0.4996 209.3 0.2387
G@ 0.9071* 299.1* 0.3033*
(Co.-) 0.3876 191.8 0.2021
G(2) 0.8023* 308.2* 0.2603*

*: Means on the same row differently superscripted are significantly
(P<0.05) different.

Treat. = treatment, G = group, Co. = Control

The effect of fortification diet on relative spleen weight of animals was
illustrated in Table (2). The results showed that in animals fed supplemented
diet before stress treatment (experiment I) the relative percentage of spleen
weight was increased significantly (group (1)) when compared to positive
control group. In immune suppressed rats (experiment II) the relative
percentage of spleen weight was significantly increased in group 2 when
compared to negative control group.

Group (1) gave insignificant increases in percentage of spleen weight
when compared to group (2).
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Haematological results:

The effect of apple peel on RBC’s count, Hb concentration and
Haematocrit:

Table (3): The effect of Appel peel on counting of erythrocytes (RBC’s),
hemoglobin (Hb) and Hematocrit (HCT).

Treatment

Experiment I RBC’s Hb HCT
Co. (1) 10.Y 200 51.¢Y
GO (ARN 10.¢2% I
week Week week

ExperimentIl | 2 | 4 6 0 2 4 6 0 2 4 6

Co. () 6.YY [VAAT.eY] At 112,+8[1Y.9A 117,87 11.97 |3¥.AT 31,80 |Y4,AV| 40.AA

G(2) L,eN% 7YY 7.50( A97* [1¥.33| 14.£€8 | 14.VA 16.12%|37.£€Y|37.49|37.¥¢ |4). Y0¥

*: means on the same row differently superscripted are significantly
(P<0.05) different.

Treat. = treatment, G = group, Co. = Control

The results showed that, The RBC’s count, Hb concentration and
Hematocrit in Table (3). (experiment I ) RBC’s count was significantly
decreased in blood samples of group (1) when compared to positive control
group. The same results were noticed for levels of Hb and Hematocrit when
compared to positive control group.

In immune suppressed animals (experiment IT) the RBC’s count was
increased in blood samples of weeks (0,2, 4 and 6) ( at ascending order ), the
same results were noticed for level of Hb and hematocrit when compared to
the negative control group. The lowest decrease was found in week 0. when
compared between two experiments, group (2) gave increases in RBC,s, Hb
and HCT at the end of the experiment.
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The effect of apple peel on MCV, MCH, MCHC and RDW:
Table (4): The effect of apple peel on (MCV), (MCH), (MCHC) and

(RDW).
Treat.
Experiment I MCV MCH MCHC RDW
Co. (1) £4.VA V4. Ao PYY 27 .Y
G 5+.M1 19.+) 3V.4A* 2Y.7
Week week week week
Expell:;ment 0 ) 4 . 0 Y 4 . ) ; . X . . 1
4 ",
Co.(-) [5).7Y|57.9A[57. 1 [5..8% 1“- 190 [18.Y e 3vay (3540 [ 350 4067 20.6 [20.9) 217
G(2)  [AAele Y oL tY]5) g0 12'6 19.46%(19.72+[ 202 [ra.a53% T 3g ax [ 40y |22, v, v pv.e] 210

*: means on the same row differently superscripted are significantly
(P<0.05) different.

Treat. = treatment, G = group, Co. = Control

The levels of MCV, MCH, MCHC and RDW in group (1) were
recorded in table (4). The results represent animals fed on supplemented
diets for six weeks then put under stress (experiment I). The data showed
that MCH and MCHC were decreased in blood samples. In addition, group
(1) showed increasing in level of MCV and RDW of blood samples when
compared to positive control group.

Animals of the second experiment showed that the level of MCV (at
the beginning of the experiment and after stress treatment) was decreased in
week 0,2, and 4 when compared to negative control group. Blood samples
in week 6 gave insignificant increase in MCV.

Also, the results showed that the level of MCH gave significant
increases in week 2 and 4 in blood samples of group (2). In addition, group
(2) gave significant increases in week 0, 2 and 4 in MCHC when compared
to negative control group. However increases were found in RDW, there
was no difference found in the 6™ week when compared to negative control

group.
When compared between two experiments group (1) gave decrease in

MCV,MCH, and MCHC, However gave increase in RDW at the end of the
experiment.
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The effect of apple peel on PLT, PCT, MPV and PDW:

Table (5): The effect of apple peel on (PLT), (PCT), (MPV) and (PDW).

Treat.
Experiment PLT PCT MPV PDW
Co. (V) eyy 0.3V¢ 7.A 2).A
GO 5YY 0.4AY 7.¢ 1A
week Week Week week
'E"pelr_;me“t ol21a4]] o0 v 4 1 vl e | v ¢ | n
Co.(-) |1YY]|7°3[6YA[49°(0.5Y4]0.1AV[0.52¢]0.£)Y[10.1]10.¢|10.0]1.%[19.A| 21.Y | 23.Y [12.V
GQ2) 742|74Y16Y£(°Y£10.61A|0.69¢|0.5°8|0.3AY( 9.4 (9.0 |8.¢£|7.)(21°.|18.1*%(16.7*(11.°

*: means on the same row differently superscripted are significantly
(P<0.05) different.

Treat. = treatment, G group, Co. = Control

The changes on PLT, PCT, MPV and PDW of animals fed on
supplemented diets with apple peel were illustrated in table (5). Results
showed that the level of PLT and PCT were increased in blood samples of
group (1). However, MPV and PDW were decreased in blood samples when
compared to positive control group.

In experiment I1, PLT of blood samples of group (2) was increased at
the beginning (week 0) and after 2 weeks when compared to negative
control group. However, after 4 and 6 weeks insignificant decreases were
observed. Similar findings were noticed for blood PCT. MPV was
insignificantly decreased in blood samples after weeks 0, 2 and 4. At the end
of the experiment MPV gave insignificant increases. PDW gave significant
decreases in weeks 2 and 4 when compared to negative control group.

Blood samples showed that there was insignificant difference between
groups (1) and (2) in PLT, MPV and PDW. However, group (2) gave
decrease in PCT when compared between two experiments.
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The effect of apple peel on total leukocyte count (WBC’s) and
differential of leukocyte (%):

Table (6): The effect of apple peel on counting of total leukocyte count
(WBC’s) and differential of leukocyte (%)

Treat.
Experime WBC’s Lym. Mon. Gra.
nt 1
Co. (+) 22.5 82.2 9.1 8.7
G 11.3* 71.9% 9.3 18.8*
week week week week
Experime 1 Y S I I IR B T AR B O B
nt I 0|2 | 4 0 4
Co. () |[27.1| 21 (12.4|18.2 | 89.5|89.3|83.6|79.4|5.8(54|7.9 8.6 |4.7|5.3| 85 | 12
G(2) (17.4|15.8/11.2|11.6*%|91.2*|89.3/70.1|76.3|5.5|5.2|8.3*| 10 |3.3|5.5 (21.6*|13.7*

*: means on the same row differently superscripted are significantly
(P<0.05) different.

Treat. = treatment, G = group, Co. = Control

The changes on WBC’s and differentiation of leukocyte of animals
fed on diet supplemented with apple peel were illustrated in Table (6)
Results showed that:

In experiment I (animals fed supplemented diets then put under stress)
the WBC’s count and lymphocyte percentage decreased significantly in
blood samples when compared to positive control group. However,
insignificant difference in Monocyte percentage was detected in group (1),
as well as Significant increases in Granyolocyte percentage were detected in
group (1) when compared to positive control group.

In experiment IT (in immune suppressed rats) WBC’s count was
decreased in weeks 0 and 2 (after stress treatment and before feeding on
supplemented diets) and in week 4 as well. However, At the end of the
experiment WBC’s count gave significant decrease. Lymphocyte percentage
gave significant increase in week 0, but didn’t give difference in week 2 and
6 when compared to negative control group.
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The results in table (6) also showed that the Monocyte % and
Granyolocyte were increased significantly in blood samples of weeks 4 and
6 when compared to negative control group at the end of the experiment.

Group (2) gave increase in lymphocyte and Monocyte also gave
significant decrease in Granyolocyte %, there was no difference in WBC’s
when compared between two experiments.

The effect of apple peel on kidney functions:

Table (7): The effect of apple peel on Urea, Creatinine, BUN and BUN /
Creatinine Ratio.

[Treatment
Experime Urea Creatinine BUN BUN/Creat. Ratio
ntl
Co. (+) Yot 0.° 10.A 31.6
G Yv.2x 0.£% 1vr.a 34*
Week week Week week
Experime
nt Il 0l 21| 4 1 0| Y| 4| . Y ¢ " . Y ¢ 1
Co. (-) [34.7|30.1{32.9/ 46.3 | 0.4 |0.5| 0.5 | 0.5 |16.4]| 15 | 16 [22.9] 41 | 30 | 32 | 45.8
G(2) |45.7|30.3|30.6(40.2*| 0.4 (0.5]| 0.5 | 0.5 |20.7(15.3|15.8(18.6|51.75|30.6| 31.6 | 37.2*

*: means on the same row differently superscripted are significantly
(P<0.05) different.

Treat. = treatment, G = group, Co. = Control

Data in table (7) showed the changes on Urea, Creatinine, Blood Urea
Nitrogen (BUN) and BUN / Creatinine ratio.

Animals fed with supplemented diet before stress treatment
(experiment 1) showed that, Urea and creatinine level were insignificantly
decreased in serum samples of group(l). Less decreases were found in
BUN. However, BUN/creat. Ratio gave significantly increase when
compared to positive control group.

In experiment IT showed that Urea level was higher in week 0 and
decrease gradually in week 2 and 4 then gave significant decrease at the end
of the experiment when compared to negative control group. Similar
findings were noticed for BUN level.

Results also showed that the level of Creatinine had no changes in all
weeks. But, BUN/Creatinine ratio was insignificantly increased in week O.
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However, no difference in weeks 2 and 4, at the end of the experiment found
significant decrease in BUN/Creatinine ratio when compared to negative
control group.

When compared between to experiments group (2) gave significant
increases in urea and BUN /creat. Ratio. The results also showed that there
is no difference in creatinine level. But, group (2) gave decrease in BUN
level when compared to group (1).

The effect of apple peel on liver functions AST, ALT and ALK:
Table (8): The effect of apple peel on AST, ALT and ALK.

Treatment
Experiment AST ALT ALK
L
Co. (+) Yt 6" 2V
G@® 16V* 6 26\ *
Week Week week
Experiment
I 0 2 4 6 0 2 4 6 0 2 4 6
Co. (-) 20+ | 178 | 18Y | 14¢ | 4V 49 oY 5% | 350 | '8+ | 2VA | 35.
G(Q) 28 | 18A% | 137 | 17¢% | 68* | 3¥* | 3e* | 4% | 5.V | 17Y | 26 | 3¥9

*: means on the same row differently superscripted are significantly
(P<0.05) different.

Table (8): showed the changes on levels of AST, ALT and ALK.

In experiment I, level of AST and ALK were significantly decreased
in serum samples of group (1) when compared to positive control group.
Similar findings were noticed for ALK level. Results also showed that ALT
level was slight increased in serum samples of group(1) when compared to
positive control group. In experiment IT data in table (8) also illustrated that
AST level was significantly decreased in serum samples of weeks 2,4 and 6.
Similar results was found in ALT. However, ALT gave increase at the
beginning of the expermint when compared to positive control group.

Level of ALK was increased in weeks 0 and 4. The highest increases
were found in week 0. However, ALK level was decreased in serum
samples of weeks 2 and 6 when compared to negative control group. On the
other hand, ALK and AST level were increased in serum samples of group
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(2). However, decrease were found in level of ALT in group (2) when
compared to group (1).
The effect of apple peel on protein fractions:

Table (9): The effect of apple peel on T. Protein, T. Albumin, T. Globulin

and A/G ratio.
E1;23:$:2: I T. Protein T. Albumin T. globulin A/G ratio
Co. (+) 5.41 1.7 3.71 0.5
G 5.71 1.5 4.21 0.4
Week Week week Week
Experiment IT 0l 2|4/ 0 v 4| . v ¢ |8 . v ‘ "
Co. () 54(56/63|75| 18 [1.8(18|1.7|3.6(/5.6|45|57[05(03|0.4|0.3
G(2) 57|58|63(67|22 |17(17(1.6(35| 4 |4 | 4 (06]/04|04|04

*: means on the same row differently superscripted are significantly
(P<0.05) different.

Treat. = treatment, G = group, Co. = Control

The effect of apple peel on serum total protein, Albumin and globulin
of treated animals were studied and the obtained results are given in Table

).

In experiment I, total serum protein and total globulin contents were
increased in blood samples of group (1) when compared to positive control
group. The level of total Albumin and A/G Ratio were decreased in serum
samples of group (1) when compared to positive control group.

In experiment IT the contents of total serum protein were increased in
serum samples in week 0 and 2. However, slight decrease in total serum
protein was detected in week 6.

The level of total Albumin was increased in serum samples of group
(2) in week 0. However, total serum Albumin was insignificantly decreased
after 2, 4 and 6 weeks in group (2) when compared to negative control

group.
Slight decreases in the level of total globulin in group (2) in weeks 0,
2, 4 and 6 when compared to negative control group.
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The level of A/G ratio was increased in serum samples of group (2) in
weeks 0,2 and 6. However, there were no differences between groups in
week 4 when compared to negative control group.

On the other hand, increases were found in T. Protein and T. Albumin
in group (2) when compared to group (1), less decrease was noticed in total
globulin in group (2). However, no difference between groups in A/G ratio.

Immunological results:
Effect of apple peel on Immunoglobulin:

Table (10): The effect of apple peel on Immunoglobulin G (IgG) , IgG
Ratio of globulin and IgG Ratio of T. Protein

IgG Ratio
Treat. IgG )
of.globulin of T.P.
Co. (+) 232 70.54 47.79
G 258* 67.76 49.7
Week Week week
Experiment| g | 2 | 4 | 6 | 0 | 2 4 [ 60| 2| 4|6
Co. (v 340 | 322 | 276 | 253 | 94.4 | 57.5 | 61.3 |44.4|62.96|57.50 | 43.81 | 33.73
G(2) 337 | 318 |320%(285*| 96.3 | 79.5 | 80.0 [71.3%|59.12 |54.83 | 50.79 | 42.54

*: means on the same row differently superscripted are significantly
(P<0.05) different.

Treat. = treatment, G = group, Co. = Control

Table (10) showed that animals in experiment I represent that serum
IgG levels in group (1) was significantly increased. Less decrease in IgG
ratio of globulin was detected in group (1). Also, slight increase in IgG ratio
of T. P. were detected in group (1) when compared to positive control
group.

In experiment I1, data in table (10) showed that serum IgG levels in
group (2) were decreased when compared to negative control in week 0 and
2. Significant increase was detected in weeks 4 and 6, similar results were
finding in IgG Ratio of T. Protein. Increases in IgG ratio of total globulin
were detected in all of the weeks when compared to negative control group.
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At was noticed that the significantly improvement in immune
response were detected in animals of experiment I better than groups of
experiment 1. This may be due to the feeding of supplements for a period
after stress treatment.

The effect of apple peel on lipid peroxidation (MDA):
Table (11): The effect of apple peel on MDA (nmoles/100 mg spleen).

Treatment MDA
Co. (+) 0.5% 0%
G 0.3vY
Co. () 1.1AV*
G(2) 0.£V¢

The effect of apple peel was evaluated for it’s effect on lipid
peroxidation of spleen tissue. The determination of malondialdehyde
(MDA) content in the extract of spleen cells was proceeded as an indicator
for that effect (lipid peroxidation). The values of MDA obtained for the
different groups of animals are given in table (11).

In experiment I, diet reduced the MDA when compared to positive
control group. In experiment I, diet reduced the MDA when compared to
negative control group. When compared between two experiments group (1)
gave decrease in level of MDA this indicator to the feeding before stress
was the best.

Discussion:

The diet supplement with (apple peel 75g /Kg diet + Honeyl00g /Kg
diet + Yogurt150g /Kg diet) were evaluated for their effects on body weight,
body weight gain and food efficiency ratio. Gave significant increases in
body weight, body weight gain and food efficiency ratio for the group of
animals are given in tested supplemented diet (after suppressed their
immune system) when compared to positive control group. In the other
experiment (before suppressed their immune system) the tested diet also
increasing the body weight, body weight gain and food efficiency ratio
when compared to negative control group (EL-Sayed, 2007).

Significant increases detected in the relative percentage of spleen
weight in immune suppressed rats animals before and after feeding on diets
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containing (apple peel 75g /Kg diet + Honeyl00g /Kg diet + Yogurt150g
/Kg diet) when compared to control groups (EL-Sayed, 2007).

In immune suppressed rats animals before and after feeding on diets
containing (apple peel 75g /Kg diet + Honeyl00g /Kg diet + Yogurt150g
/Kg diet) RBC’s count was significantly decreased in blood samples when
compared to control groups, The same results were noticed for levels of Hb
and Hematocrit for the group of animals are given in tested supplemented
diet (after suppressed their immune system) when compared to positive
control group. However, the level of Hb gave increases but Hematocrit was
decreased in blood samples in immune suppressed animals when compared
to negative control group (EL-Sayed, 2007).

The results represent by EL-Sayed (2007) demonstrated that animals
fed on supplemented diets with apple peel for six weeks then put under
stress. The data showed that MCV, MCH, MCHC and RDW were decreased
in blood samples when compared to positive control group.

Blood samples in animals after suppressed their immune system in
week 6 gave increase in MCV. Also, the results showed that the level of
MCH gave increases in week 2 and 4 in blood samples of animals fed on
diet supplemented with (apple peel 75g /Kg diet + Honeyl00g /Kg diet +
Yogurt150g /Kg diet). In addition, blood samples gave increases in week 0,
2 and 4 in MCHC and RDW. There was no difference found in the 6th week
when compared to negative control group.

The level of PLT and MPV was increased in blood sample. PCT have
differences in blood sample. But, PDW was decreased in blood sample of
animals fed on supplemented diets with apple peel for six weeks then put
under stress.

Similar findings were noticed for blood PCT. MPV was
insignificantly decreased in blood sample in immune suppressed animals,
PDW was high in week 0. While at week 2 and 4 gave significant decreases.
After six week PDW was decreased in blood sample when compared to
negative control group (EL-Sayed, 2007).

Daughenbaugh et al., (2011) investigated the effects of apple peel
and purified procyanidins on T-cell gene expression. A microarray analysis
was performed on bovine T cells treated with apple peel; increases in
transcripts encoding granulocyte-monocyte colony stimulating factor, IL-8
and IL-17.
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The results represent by EL-Sayed (2007) demonstrated that the
animals fed supplemented diets with apple peel then put under stress) the
WBC’s count and lymphocyte percentage decreased significantly in blood
sample when compared to positive control group. However, insignificant
decreases in Monocyte percentage were detected. Significant increases in
Granyolocyte percentage were obtained when compared to positive control
group.

In immune suppressed rats the fed on apple peel WBC’s count was
decreased in blood samples in week O (after stress treatment and before
feeding on supplemented diets) and in week 2 as well. However, in week 4,
WBC’s count gave insignificant decreases after six week when compared to
negative control group. Monocyte % was increased significantly in blood
sample after 2 weeks. However, decreases were found in week 6. Monocyte
% was increased in blood sample after 4 weeks. However, increases in
Monocyte % and granyolocyte were obtained when compared to negative
control group at the end of the experiment.

The animals fed with supplemented diets before stress treatment
showed that, Urea and BUN levels was decreased in serum samples when
compared to positive control group. Similar findings were noticed for level
of Creatinine and BUN/Creatinine ratio. The immune suppressed animals
then fed on diets containing the apple peel for six weeks showed that Urea
level was higher in week 0 when compared to negative control group.
Similar findings were noticed for BUN level while after 2 weeks Urea and
BUN gave slight decreases. Level of Urea and BUN was decreased at the
end of the experiment.

Results also showed that the level of Creatinine and BUN/Creatinine
ratio have no changes in week 0 and 2. However the level of Creatinine was
increased after 4 weeks. At the end of the experiment different diets have no
influence on the level of Creatinine when compared to negative control
group. BUN/Creatinine ratio was significantly increased after 4 weeks, at
the end of the experiment, BUN/Creatinine ratio was significantly decreased
when compared to negative control group (EL-Sayed, 2007).

In vivo, this flavonoid mixture (obtained from apple peel)
significantly lowered plasma creatinine and urea concentration, both
indicating a better postoperative kidney functions Norren et al., (2003).
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The effect of apple peel on AST level was significantly decreased in
serum sample when compared to positive control group. Similar findings
were noticed for ALK level and ALT level was significantly increased in
serum sample.

The immune suppressed animals then fed on diets containing the apple
peel for six weeks showed that AST level was decreases in serum sample
when compared to positive control group (week 0 and 2). But in week 4 and
6 level of AST was significantly deceased in serum sample when compared
to negative control group. However, the level of ALT was significantly
increased in serum sample when compared to negative control group (week
0).

Decreases in level of ALT were detected in weeks 2 and 4. Similar
findings were noticed for ALT in week 6, the level of ALK was increased in
week 0 and 4. However, ALK level was decreased in serum sample at the
end of the experiment when compared to negative control group (EL-
Sayed, 2007).

To evaluate the effect of apple components on cecal fermentations and
lipid metabolism, rats were fed diets containing 5 g/100 g apple pectin
(PEC), 10 g/100 g high polyphenol freeze-dried apple (PL) or both (PEC +
PL). The cecal pH was slightly acidic only in rats fed the PEC + PL diet as
control. The cecal short-chain fatty acid pool was enlarged by all
the apple fractions, with a peak of 560 umol in rats fed the PEC + PL diet
compared with 189 pmol in controls. Liver cholesterol and triglyceride
concentrations were lower in rats fed the PEC and PEC + PL diets. Fecal
bile acid excretion was markedly reduced, whereas sterol excretion was
significantly increased by dietary PEC. Rats fed the PEC and PEC + PL
diets also had lower apparent cholesterol absorption than controls.
In, apple pectin and the polyphenol-rich fraction were more effective when
fed combined together than when fed separately on large intestine
fermentations and lipid metabolism, suggesting interactions between fibers
and polyphenols of apple (Aprikian et al., 2003).

Also Wolfe and Liu (2003) recorded that The apple peel powder had
a total antioxidant activity of 1251 + 56 pumol vitamin C equivalents/g,
similar to fresh Rome Beauty peels on a fresh weight basis (p > 0.05). One
gram of powder had an antioxidant activity equivalent to 220 mg of vitamin
C. The freeze-dried apple peels also had a strong antiproliferative effect on
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HepG?2 liver cancer cells with a median effective dose (EC50) of 1.88 +
0.01 mg/mL.

Wolfe et al., (2003) demonstrated that the apple peels were also
shown to more effectively inhibit the growth of HepG2 human liver cancer
cells than the other apple components. This effect resulting from the peels
all had significantly higher total antioxidant activities than the flesh + peel
and flesh of the apple varieties examined. Idared peels had the greatest
antioxidant activity (312.2 £ 9.8 umol of vitamin C equivalents/g of peels).

Apple juice intake had a pro-oxidant effect on plasma proteins in both
humans and rats (Breinholt et al., 2003 and Young et al., 1999).

Total serum protein and total globulin contents were increased in
blood sample of animals fed supplemented diets with apple peel then put
under stress, slight decrease in level of total Albumin was noticed in rats,
the level of A/G ratio was decreased in serum sample when compared to
positive control group. The immune suppressed animals then fed on diets
containing the apple peel for six weeks showed that the contents of total
serum protein were increased in serum sample in week 0 and 2. On the other
hand, less decreases in these fraction were detected at the end of the
experiment.

The level of total Albumin was significantly increased in serum
sample. However, total serum Albumin was insignificantly decreased after
2, 4 and 6 weeks. Slight decreases detected in the level of total globulin in
weeks 0, 2, 4 and 6. The level of A/G ratio was increased in serum sample
in week 0. However, there were no differences in rats in week 2, 4 and 6
when compared to negative control group (EL-Sayed, 2007).

Holderness et al., (2011) demonstrated that the tetrameric and
pentameric procyanidins from apple peel have greater specificity for T cells,
whereas larger oligomers demonstrate less specificity.

Hedges et al., (2011) reported that Oligomeric procyanidins (OPCs)
have been shown to have antiviral and immunostimulatory effects. OPCs
isolated from non-ripe apple peel, OPCs exhibited direct antiviral activity.
OPCs also enhanced expression of critical innate antiviral products during
DENV infection of human. To test the effects of OPC ingestion in vivo,
mice were fed a rich source of OPCs and injected with polylC to mimic
innate responses to viral infection. Ingestion of OPCs resulted in enhanced
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innate antiviral responses in vivo, also increased expression of TNFa protein
production.

Studies have shown an inverse relationship between the consumption
of apples and the risk of several cancers. The peels of apple, which have
been shown to possess exceptionally high concentrations of antioxidants,
are often discarded. Our data demonstrated that APE, obtained from organic
Gala apples, imparted significant reduction in the viability of a variety of
cancer cell lines. Further, this data showed a significant decrease in growth
and clonogenic survival of human prostate carcinoma and breast carcinoma.
Furthermore, APE treatment resulted in a marked concentration-dependent
decrease in the protein levels of proliferative cell nuclear antigen, a marker
for proliferation. In addition, APE treatment resulted in a marked increase in
maspin, a tumor suppressor protein that negatively regulates cell invasion,
metastasis, and angiogenesis. Apple peels should not be discarded from the
diet (Shaw et al., 2010).

Norren et al., (2003) recorded that a combination of flavonoids
selected on basis of effective flavonoid xanthine oxidase inhibition and
superoxide scavenging resulted in increased superoxide scavenging.

Huanga et al. (2009 ) Natural phenolic compounds play an important
role in cancer prevention and treatment. Phenolic compounds from dietary
plants such apple include phenolic acids, flavonoids, and others. Various
bioactivities of phenolic compounds are responsible for their
chemopreventive properties, e.g., antioxidant, anticarcinogenic, or
antimutagenic and anti-inflammatory effects.

The effect of apple peel on serum IgG levels gave increase in animals
fed on supplemented diets with apple peel for six weeks then put under
stress . In animals after suppressed their immune system, serum IgG level
was decreased in week 0 and 2. On the other hand, increases in IgG level
were observed after 4 and 6 weeks when compared to negative control (EL-
Sayed, 2007).

Boyer and Liu (2004) demonstrated that the rats fed on apple juice
also had a decreased level of malondialdehyde (MDA), a marker of lipid
peroxidation. Quercetin, a major flavonoid in apples, had no effect on lipid
oxidation when ingested by rats, suggesting that quercetin alone is not
responsible for the apple's ability to inhibit lipid oxidation (Breinholt et al.,
2003).
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Other antioxidants and the interaction between the different apple
antioxidants, including quercetin, may contribute to the antioxidant activity
of apples, ingestion of high levels of a 1:1 mixture of apple juice and black
currant juice increased the antioxidant status of the blood and decreased
lipid oxidation (Young et al., 1999).

One possible implication is also that the low-vegetable diets, which
contained 170 g vegetables/10 MJ, supplied enough dietary antioxidants and
that the high-vegetable diets, which contained 810 g vegetables, berries, and
apples/10 MJ, provided no additional protection against lipid peroxidation
(Freese et al., 2002).

Aprikian et al., (2003) reported that Apples may have selective
effects on abnormalities associated with the plurimetabolic syndrome.
Therefore, the effects of 20% lyophilized apple supplementation on plasma
and tissue lipids and on protection against susceptibility to oxidative stress
and renal dysfunction were investigated in Zucker lean or obese rats. The
heart concentration and urinary excretion of malondialdehyde were reduced
by apple consumption in obese Zucker rats, suggesting better protection
against peroxidation. Glucosuria and proteinuria in obese Zucker rats were
also suppressed by the apple diet. despite their moderate fiber
content, apples improve substantially the lipid status and peroxidative
parameters in obese Zucker rats.

Diet supplement with (apple peel 75g /Kg diet + Honeyl00g /Kg diet
+ Yogurt 150g /Kg diet) were evaluated for their effects on lipid
peroxidation of spleen tissue. The values of MDA obtained for the group of
animals are given in tested supplemented diet (suppressed their immune
system before feeding) reduced the MDA when compared to positive
control group. In the other experiment (suppressed their immune system
after feeding) the tested diet reduced the MDA when compared to negative
control group (EL-Sayed, 2007).

The selected flavonoid mixture significantly lowered intestinal
oxidative stress indicated by malondialdehyde concentration when
compared with sham-fasted animals. Furthermore, oxidative stress measured
as this flavonoid mixture when compared with control significantly lowered
plasma malondialdehyde concentration in fed rats (Norren, et al., 2003).
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Conclusion:

Results of the present study recommend that the important role to
apple peel where hence they play a good role in raising the efficiency of the
immune system and body protection against diseases. However, Millions of
pounds of waste apple peels are generated in the production of applesauce
and canned apples each year. We proposed that a valuable food ingredient
could be made using the peels of these apples if they could be dried and
ground to a powder without large losses of phytochemicals and use it as
food additive to support and production functional food. The feeding before
stress was the best.
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