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THIS WORK was conducted to study the effects of different levels of olive pomace (OP) 
on body weight gain, feed intake and feed conversion efficiency of rats. Experimental 

rats nutrition supplemented to diabetic rats (7 rats in each group) for 42 day. After the 42nd 
day, chemical analysis of marker enzyme (MDA, TAC and SOD), liver function (ALT, AST 
and T-protein), kidney functions (Creatinine and Blood urea), lipid profile (triglycerides, total 
cholesterol, HDL, LDL and vLDL), and haematological analysis was recorded. The highest 
effects of supplementation of olive pomace in rats nutrition on body weight of rats, were 200, 
200, 205 and 225 g, of treatments (2.5, 5, 7.5 and 10% of OP), respectively as compared with 
normal control (0 % OP), which was 190 g. Also, the most effective treatments were 10% of 
OP of blood biochemical and haematological parameters, comparing with normal nutrition. 
Therefore, it is recommended to add olive pomace at 5%, 7.5% and 10% in rats nutrition to 
improve performance and health.

The Effects of Supplemented Biscuit with Different Levels of Olive 
Pomace on Feeding Diabetic Rats

M. F. Elkotb, S. M. Saleh and S. Y. Elsanat
Department of Food Technology, Faculty of Agriculture, Kafrelsheikh University, 
Egypt

Introduction                                                              
Medicinal plants having various phytochemicals 

and bioactive compounds such as trace metal ions, 
vitamins, alkaloids, carotenoids, polyphenols, fats, 
carbohydrates, and proteins are involved in enhancing 
long-term health benefits. Although the relationship 
between lipids abnormalities and diabetes is 
complex, there is usually a specific lipid abnormality 
found in diabetes. Also, high triglycerides, high 
total cholesterol and low HDL-C levels were 
commonly seen in diabetes. The abnormal high level 
of lipids in diabetes is mainly due to the increase 
in the mobilization of free fatty acids from the 
peripheral depots, since insulin inhibits the hormone 
sensitive lipase but glucagons, catecholamines and 
other hormones enhance lipolysis. The marked 
hyperlipidemia that characterizes the diabetic state 
may therefore be regarded as a consequence of the 
fat depots (Melis, 1995).

Olive (Oleaeuropaea L.) fruit is a key 
ingredient of a Mediterranean diet, and its disease-
preventing effects have been attributed to its fatty 
acid profile, as well as the presence of a plethora 
of bioactive components, such as tocopherols, 

phospholipids, biophenols and triterpenic acids 
(Sravanthi and Rao, 2014). Olive fruit is a 
particularly rich source of maslinic and oleanolic 
acids, while ursolic and betulinic acids have been 
reported at lower amounts. These compounds 
are presented at high ratios in the epicarp of the 
fruit, forming part of the waxes that cover them; 
oleanolic acid has also been found in the endocarp 
(wood shell and seed). mTriterpenic acids are a 
group of phytochemicals that has been studied 
extensively for their pharmacological properties, 
because pentacyclicterpene acids present potent 
anti-oxidant, anti-inflammatory, anti-tumour 
and anti-microbial activity. In addition, the 
anti-proliferative activity of triterpenic acids 
against cancer lines has been also documented. 
The simultaneous determination of triterpenic 
acids using chromate-graphic and spectroscopic 
methods has been thoroughly studied over recent 
years, mainly because of their similar chemical 
structure. On the other hand, the recovery 
of triterpenic acids from olive fruit has been 
poorly investigated, although it is a crucial step 
of the overall analytical process that leads to 
the quantification of the target phytochemical. 
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The significance of extraction in developing 
analytical methodologies for accurate estimation 
of bioactive compounds in functional foods has 
been highlighted by Goulas and George (2011).

Additionally, the ripening stage at harvest 
interferes with pectic polysaccharides found in 
the olive pomace cell walls, due to the presence 
of calcium chelating dimers, there by changing the 
nutritional value of this by product. Based on the 
above characteristics, OPs have been proposed as 
alternative sources of nutrients for domestic animal 
feeding. Among domestic ruminants, goats seem to 
be adapted for utilizing this highlignin-cellulose/
low protein feedstuff (Molina et al., 2003).

The aim of the present study was to explore 
the effects of olive pomace as a new source of 
antioxidant on the productive and physiological 
parameters of rats (the levels of liver marker 
enzymes, aspartate transaminase (AST), alanine 
transaminase (ALT) in serum) in addition to 
malondialdehyde (MDA) content, and the 
activities of antioxidants such as superoxide 
dismutase (SOD).

Materials and Methods                                         

Samples
Olive pomace samples (20 kg) extracted 

from (Oleaeuropaea L.) were kindly obtained 
from Kenana Mill, Abd-Elsalam Hegazy, Wadi 
Elnatrun, Behira, Egypt. Samples were washed 
and dried in an electric air oven at a temperature 
of 50 ºC for 24 hrs, then ground into a fine powder 
to pass through 60 mesh screen sieve. The ground 
powder was subjected at ambient temperature 
to gamma irradiation from Co-60 source at 
National Center for Radiation Research and 
Technology, (NCRRT), Nasr City, Cairo, Egypt. 
The irradiation facility used was Egypt Mega 
Gamma-1 type “J-6500”. The applied dose was 
60kGy. Radiation dose was calibrated using small 
pieces of experimentation. The raw and processed 
samples were hold in tight glass jars and kept at 4 
ºC until used.

Experimental animals 
Forty two male albino rats (150-170g) were 

procured from the animal house of Faculty of 
Pharmacy, Mansoura University, Egypt. All rats 
were housed in microlon boxes in a controlled 
environment (temperature 25±2ºC and 12 hr dark/ 
light cycle) with standard laboratory diet and 
water ad libitum.

Preparation of biscuit
The method and formula of Nnam and 

Nwokocha (2003) were used to prepare the biscuit 
samples as shown in Table 1. Blends containing 
2.5, 5.0, 7.5 and 10% of olive pomace were used 
as supplemention of wheat flour (72% extraction). 
The control biscuits formulas were prepared 
using 200g of flour mixture, 66.67g of margarine, 
66.67g of ground sugar, 32.33ml of water, 4g of 
double acting baking powder and 8g of whole egg 
as shown in Table 1.

Design of biological experiments
The experiments were conducted on forty two 

male albino rats (mean weight 160±10). Animals 
were housed in well-aerated cages under hygienic 
condition. They will be fed on wheat biscuit 
according to Eskander and Jun (1995), given tap 
water ad libitum and left to accommodate one 
week before experimental use. After the period 
of adaptation, animals were randomly divided 
into six groups with seven rats in each group. 
Group one (G1) was reserved as normal control, 
groups two–six animals were administrated 
interperitoneal (IP) injection with single dose of 
alloxan solution (120 mg/kg body weight) after 24 
hr fasting to induce hyperglycemia and divided as 
follows:
G1: Negative control (-ve) fed basal on wheat 

biscuit with 0% olive pomace.
G2: Positive control (+ve), diabetic rats fed on 

wheat biscuit with 0% olive pomace.
G3: Diabetic rats fed on prepared biscuit 

supplementing with2.5% olive pomace.
G4: Diabetic rats fed on prepared biscuit 

supplementing with5.0% olive pomace.
G5: Diabetic rats fed on prepared biscuit 

supplementing with7.5% olive pomace.
G6: Diabetic rats fed on prepared biscuit 

supplementing with10% olive pomace. 
After one week of acclimatization, the six 

experimental nutrition were randomly 
assigned and fed to the rats adlibitum for a 
total of six weeks (42 days).

Body weight 
From each group 7 rats were weighted 

individually at the begining of the experiment 
and on the 42nd day post supplementation and 
consumed nutrition were recorded for calculation 
of weight gain and feed conversion rate (Allam et 
al., 2016).
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Blood samples
Samples were collected from the eye can 

thus by heparinized tubes after 42 days from the 
beginning of the experiment. Then, each blood 
sample was divided into two portions. First portion 
was centrifugated to obtain the blood serum. 
Serum samples were kept at refrigerator under 
freezing conditions for determination of the lipid 
profile (Triglycerides, total cholesterol, HDL-c, 
LDL-c and VLDL-c). The second portion was 
treated with 10% of ethylene diaminetetracetic 
acid (EDTA) with a good shaking to determine 
complete blood count (CBC) as a haematological 
analysis (Mahmoud et al., 2013).

Chemical analysis of blood
Determination of serum glucose
Blood glucose was determined in blood serum 

using a commercial kit (Spain React Company, 
Spain) according to the method recommended by 
Trinder (1969).

Determination of malondialdehyde (MDA)
From the individual 2ml of blood collected , 

serum was separated by centrifuging of the blood 
sample at 3000 rpm for 5 min. Then the serum 
MDA was measured using the method of Deepa et 
al. (2012). Serum (100µl) is diluted to 500µl with 
distilled water; the sample was kept in boiling 
water bath for 15 min. To the diluted samples 
1ml of tricoloracetic acid, TCA-2Thiobarbituric 
acid (TBA)-HCL reagent was added. The 
reaction mixture was cooled and centrifuged. The 
supernatant was taken and the optical density of 
the pink color formed was read at wavelength 
535nm. The MDA (µmol/ml) in the given sample 
was calculated by the obtained absorbance 
against the standard graph and multiplied by the 
respective dilution factors.

Determination of total antioxidant capacity 
(TAC)

The total antioxidant capacity of plasma 
was evaluated by applying the ferric reducing 
antioxidant power (FRAP) assay according to the 
method of Benzie et al. (1996). The FRAP reagent 
was prepared extempore by mixing 300 mmol/L 
acetate buffer, pH 3.6 with 2,4,6-tripyridyl-
striazine (TPTZ) solution (10 mM in 40 mMHCl) 
and 20 mmol/l FeCl3 solution in ratio10:1:1 , 
respectively and was pretempered at 37ºC. The 
reaction was performed by adding 100 μL plasma, 
previously diluted 1:1 with distilled water, to 900 
μL FRAP reagent and the mixture was incubated 
for 25 min at 37°C. The absorbance was measured 
on 593nm compared to a blank mixture where 100 
μL water was added to the FRAP reagent instead 
of plasma. Aqueous solutions of known Fe2+ratio, 
in range 0.2 to 1 mmol/L (FeSO4. 7H2O; Sigma 
Aldrich, USA) were used for creating the standard 
curve. The results were expressed in mmol/L Fe2+.

Determination of total superoxide dismutase 
activity (SOD)

The assay of superoxide dismutase was done 
according to the procedure of Das et al. (2000). In 
this method, 1.4 ml aliquot of the reaction mixture 
(containing 1.11 ml of 50 mmolphosphate buffer 
of pH 7.4, 0.075 ml of 20 nmol Methionine, 0.04 
ml of 10 mmol hydroxylamine hydrochloride and 
0.1ml of 50 mmol EDTA) was added to 100 Fl of 
the sample extract and incubated at 30ºC for 5 min. 
80 Fl of 50 FM riboflavin was then added and the 
tubes were exposed for 10 min to 200W- Philips 
fluorescent lamps. After the exposure time, 1ml 
of greiss reagent (mixture of equal volume of 1% 
sulphanilamide in 5% phosphoric acid) was added 
and absorbance of the color formed was measured 
at wavelength 543nm. One unit of enzyme 

TABLE 1. Formula used in making biscuits

Components Control Blend 1 (2.5%) Blend 2 (5%) Blend3 (7.5%) Blend 4 
(10%)

Flour (72%)(g) 200 195 190 185 180

Olive pomace(g) 0 5.0 10.0 15.0 20.0

Margarine(g) 66.67 66.67 66.67 66.67 66.67

Sugar (g) 66.67 66.67 66.67 66.67 66.67

Water(ml) 32.33 32.33 32.33 32.33 32.33

Baking powder (g) 4 4 4 4 4

Whole egg (g) 8 8 8 8 8
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activity was measured as the amount of SOD 
capable of inhibiting 50 % of nitrite formation 
under assay conditions. The activity of SOD is 
expressed as unit/g protein. Inhibition percentage 
was calculated from the optical density (OD) of 
each tube with varying amounts of enzyme (red 
cell extract) and optical density of the control 
without enzyme.

                         As × 100
% inhibition =    1-  –––––––––   ×  100

                          Ac
where:As = the absorbance of the sample and Ac= 
the absorbance of the control.

Analysis of liver functions
Glutamic pyruvic transaminase (GPT) or 

alanine amino transferase enzyme (ALT) and 
glutamic-oxaloacetic transaminase (GOT) or 
aspartate amino transferase (AST) activities were 
determined according to the method described 
by Varley et al. (1980). Protein content was 
determined by using a commercial kit (Biomed 
Company, Germany) according to the method 
described by Henry (1964). Albumin was 
determined using a commercial kit (Biomed 
Company, Germany) according to the method 
recommended by Doumas et al. (1971). The 
globulin values were obtained by subtracting 
albumin from total protein.

Analysis of kidney functions (urea and creatinine)
Creatinine was determined using a commercial 

kit (Biomed Company, Germany) according to 
the method described by Jaffé (1986).  Blood urea 
content was estimated using a commercial kit 
(Biomed Company, Germany) according to the 
method described by Patton and Crouch (1977).

Analysis of serum lipids
The ratio of total cholesterol (TC),triglycerides 

levels and high Density Lipoprotein (HDL) 
cholesterol in the serum were determined without 
extraction using enzymatic colorimetric methods 
with commercially available kits (cholesterol, 
kit 276-64909; high-density lipoprotein kit 278-
67409 and triglyceride kit 274-69807;Wakse 
chemicals, Osaka, Japan) according to the 
method recommended by Kim and Shin (1998).
Low density lipoprotein (LDL) and very low 
density (vLDL) cholesterol in serum ratios were 
calculated as described by Wardlaw and Snook 
(1990) as the following:
LDL- cholesterol (mg/dl) = TC – (vLDL + 
HDL-c).

vLDL-cholesterol (mg/dl) = (Triglyceride / 5)

Atherogenic index is an indication for 
susceptibility for atherosclerosis. It was calculated 
using the following equation as described by 
Kawase et al. (2000):

lcholestero-HDL
cholestrol-HDL - (TC) lcholestero Total  (AI)index  cAtherogeni =

Effect of nutrition on haematological analysis
All hematological tests were made using 

apparatus namely ABX Micros60 which is a fully 
automated hematology analyzer from Sysmex 
Corporation international company (Nakul et al., 
2003). 

		
Statistical analysis

Statistical analysis of all data was done using 
the statistical software package (Costat, 2005).
All comparisons were first subjected to one-way 
analysis of variance (ANOVA) and significant 
differences between treatment means were 
determined using Duncan’s multiple range test at 
p<0.05 as the level of the significance (Duncan, 
1955). 

Results and Discusion                                                 

Effect of supplemented biscuit with different levels 
of olive pomace on body weight development of 
growing rats

Data in Table 2 revealed that initial body 
weight at the beginning of the experiment, ranged 
from 150 to 170g of all groups. While, the most 
effective of supplementation of olive pomace (OP) 
in rats nutrition (Biscuit) on body weight gain of 
rats, ranged from 25.0 to 36.7%, of treatments 
(2.5, 5, 7.5 and 10% OP), after 6 weeks. As 
compared with control negative (0%OP), which 
was 26.7%. Olive pomace supplementation 
improved final body weight gain (%) compared 
with rats fed with control diet after 6 weeks of 
the experimental period (p ≤ 0.05).Olive pomace 
supplementation did not have significant effect on 
body weight gain (%) (Table 1). High levels of 
olive pomace diets may decrease the viscosity of 
the gut contents, which impedes the circulation 
and absorption of nutrients, causing an increment 
in body weight gain (Zarei1 et al., 2011).

Blood serum glucose levels of rats fed on prepared 
biscuit

Table 3 illustrated the blood glucose levels of 
normal control and diabetic groups through the 
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experimental period (6 weeks). Blood glucose 
levels of diabetic groups were markedly higher 
than that of normal control rats (G1). The results 
also indicated that, biscuit contained olive pomace 
caused a significant decrease in blood glucose 
levels of the diabetic rats (G3 to G6) comparing 
with diabetic control rats (G1) and diabetic rats 
fed on biscuit contained wheat flour only (G2).

 This decrement was observed after 2 weeks 
of feeding till the end of experimental periods, the 
reduction increased with prolonging the feeding 
time where, it reached the normal levels at the end 
of experiments.These results are in agreement 
with Koyama et al. (2003).

Effect of feeding on supplemented biscuit with 
different olive pomace ratios on some serum 
marker enzyme parameters

Data in Table 4 revealed that the 
malondialdehyde (MDA) of control negative  of 
rats was 3.7µmol/ml. While, the most effective 
treatment was biscuit with olive pomace at 
ratio (10%), which decreased MDA levels 
to 3.4µmol/ml, followed by the effect of the 
treatment of biscuit with olive pomace at ratios 
(7.5, 5 and 2.5%), which reduced MDA to 3.5, 
3.5 and 3.6µmol/ml,respectively.The same table 
exhibited the total antioxidant capacity (TAC) that 
increased from 0.53 mmol/L of normal nutrition 
of rats to reach 0.55mmol/L at treatment of biscuit 
with olive pomace by ratio (10%). Also, feeding 
on the biscuit supplemented with olive pomace at 
the ratio (2.5, 5 and 7.5%) raised TAC level to 
0.53, 0.54 and 0.55mmol/L, respectively.  

From Table 4, we can notice that the total superoxide 
dismutase enzyme (SOD) of normal nutrition of rats was 
1.67U/mg protein. The supplementation of biscuit with 
olive pomace at ratios (5, 7.5 and 10%), increased SOD 

levels to 1.68, 1.68 and 1.69U/g, respectively. While, 
supplementation of biscuit with olive pomace at ratio 
2.5% had no effect. This finding was in the same line 
with Sohair et al. (2015), who found that olive pomace 
supplementation affected antioxidative parameters of 
bucks subjected to dizocilpine oxidative stress which 
increased to 644.59U/g and 2.89µmol/g, of SOD and 
TAC, after two months, respectively, as compared to 
the effect of olive pomace supplementation after first 
month on SOD and TAC, which were 567.00U/g and 
1.77µmol/g, respectively.The obtained data are in 
agreement with those of Mahmoud et al. (2013),who 
found that the effect of the supplementation of 
broiler diets with olive oil (1%), on superoxide 
dismutaseenzyme (SOD) was 0.82 U/mg, after 42 days 
compared to control, which were 0.33 and 0.43U/mg, 
respectively.On the other hand,the decreased value of 
CAT from 23.42 to 22.54 mmol/L was determined.

Effect of feeding on supplemented biscuit with 
different olive pomace ratios on liver functions

Alanine amino transferase (ALT) and aspartate 
amino transferase (AST) enzymes activities are 
known as cytosolic marker enzymes reflecting 
hepatocellular necrosis as they are released into 
the blood after the damage of the cell membrane. 
Therefore, both enzymes are used as indicators 
for hepatic damage (Andallu and Vardacharyulu, 
2001). Data in Table 5 showed that ALT were 
raised from 17.36 U/L of normal nutrition of rats 
to reach 18.09 and 18.14mmol/L at treatment 
of biscuit with olive pomace by ratios (7.5 and 
10%). Also, the effect of supplemented biscuit 
with olive pomace by ratios (2.5, 5 and 7.5%) 
which raised ALT level to 17.78 and 17.94 U/L, 
respectively.The same Table showed that AST 
of normal nutrition of rats was 36.25U/L which 
decreased to 36.02, 35.92, 35.54 and 35.12U/Lof 
supplemented biscuit with olive pomace by ratio 
(2.5, 5, 7.5 and 10%), respectively.

TABLE 2. Effect of feeding on supplemented biscuit with different olive pomace ratios on body weight development 
of diabetic rats

Groups Initial body weight (g) Final body weight (g) Change body weight 
(g( Body weight gain (%)

Group 1 150c 190e 40c 26.7c

Group 2 150c 175d 25d 16.7d

Group 3 160b 200c 40c 25.0c

Group 4 150c 200c 50b 33.4b

Group 5 150c 205b 55a 36.7a

Group 6 170a 225a 55a 32.4b

Group 1: control negative, Group 2: control positive, Group 3: with 2.5% of Olive pomace, Groups 4: 5% of Olive 
pomace, Group 5: 7.5% of Olive pomace, Group 6: 10% of Olive pomace, respectively.
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TABLE 4. Effect of feeding on supplemented biscuit with different olive pomace ratios on some serum 
marker enzyme parameters (MDA µmol/ml, TAC mmol/l andSOD U/mg protein) of diabetic 
rat groups

Groups MDA (µmol/ml) TAC (mmol/l) SOD(U/mg protein)

Group 1 3.7a 0.53c 1.67c

Group 2 3.7a 0.53c 1.67c

Group 3 3.6b 0.53c 1.67c

Group 4 3.5c 0.54b 1.68b

Group 5 3.5c 0.55a 1.68b

Group 6 3.4d 0.55a 1.69a

TABLE 3. Effect of feeding on supplemented biscuit with different olive pomace ratios on blood serum glucose (mg/
dl) after 6weeks of rats fed

Dietary
Groups Fasting blood glucose

2weeks 3weeks 4weeks 5weeks 6weeks

G1(control)
E 106.1i 104.3i 107.4i 100.8i 102.5i

G2
A 284.6a 267.0a 210.1e 226.6d 219.5e

G3
B 252.1b 182.0f 176.1f 167.3g 158.4g

G4
C 228.2c 139.0h 132.6h 107.7i 102.3i

G5
C 225.3d 128.0h 122.7h 103.1i 101.5i

G6
D 217.1e 120.0h 116.1i 102.3i 100.4i

Each value is an average of three determinations.
A, B. C, D and E: comparison of means of serum glucose (mg/dl) by olive pomace supplementation. 
a, b, c, d and e: comparison of means of serum glucose (mg/dl) by feeding period (weeks).
Means with different superscripts (capital letters in the same column and small letters in the same row) differ significantly 
(P < 0.01).

MDA: Malondialdehyde, TAC: Total antioxidant capacity and SOD: Superoxide dismutase activity. a, b, 
c and d: comparison of means of MDA µmol/ml, TAC mmol/l and SOD U/mg protein byolive pomace 
supplementation. Values followed by the same letter in the same column are not significantly different at p ≤ 
0.05. 

TABLE 5. Effect of feeding on supplemented biscuit with different olive pomace ratios on serum ALT and AST 
activities (U/L) as well as Total proteins (g/dl) and Albumin contents (g/dl) activity of hepatotoxic rats 
diabetic rat groups

Groups ALT
(10-40 U/L) *

AST
(10-37 U/L) *

Totalproteins
(g/dl)

Albumin
(g/dl)

Globulins
(g/dl)

Group 1 17.25 36.10 6.05 2.82 3.01
Group 2 17.36b 36.25a 6.18e 2.97a 3.21e

Group 3 17.78b 36.02a 6.27d 2.89b 3.38d

Group 4 17.94b 35.92b 6.38c 2.85b 3.53c

Group 5 18.09a 35.54b 6.47b 2.80b 3.67b

Group 6 18.14a 35.12b 6.58a 2.78b 3.80a

*Normal range.ALT or GPT: Glutamic pyruvic acid, AST or GOT: Glutamic oxalo- acetic acid 
 Each value is an average of five determinations.
Values followed by the same letter in column are not significantly different at p ≤ 0.05. 
G1 – G6 as mentioned below of (Table 1).
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Effect of feeding on supplemented biscuit with 
different olive pomace ratios on total proteins, 
albumins and globulins activity

Likewise, data revealed that the total proteins 
in normal nutrition of rats was 6.05g/dl, while they 
were 6.27, 6.38, 6.47 and 6.58g/dl, respectively 
when olive pomace at ratios  (2.5, 5, 7.5 and 10%)
was supplemented in biscuit. The same table 
revealed that the total albumins in normal nutrition 
of rats was 2.82g/dl, while the treatments by olive 
pomace at ratio of (2.5, 5, 7.5 and 10%), decreased  
them to 2.89, 2.85, 2.80g/dl, respectively. From 
Table 3, it was notified that the total Globulins rised 
from 3.01 in normal nutrition of rats to reach 3.80g/
dl after treatment by olive pomace at ratio (10%), 
followed by the total Globulins after the treatments 
by olive pomace at ratio (7.5, 5 and 2.5%), which 
were 3.67, 3.53 and 3.38g/dl, respectively. Obtained 
data are in agreement with those by Abdel-Samee 
et al. (2008), who found that effect of nutritional 
Olive pomace treatments on biochemical 
constituents (ALT, AST, total protein, albumin and 
globulin), in heat stressed sheep in relation, which 
were15.5U/L, 39.0U/L, 6.24mg/dl, 3.44mg/dland 
2.80mg/dl, respectively. As compared with control 
sheep, which were 13.8U/L, 34.9U/L, 5.31mg/dl, 
2.83mg/dl and 2.48mg/dl, respectively.Mahmoud 
et al., (2013), Who found the of supplementation 
of broiler diets with olive oil (1%), were on total 
protein, albumin, globulin, ALT, and AST, which 
were 4.45g/dl, 1.69g/dl, 2.76g/dl, 7.58U/L and 
59.79U/L, after 42days, respectively. As compared 
with control, which were 4.02g/dl, 1.69g/dl, 2.33g/
dl, 9.42U/L and 64.11U/L, respectively. Attained 
data agreeed with those of Mohammed and Youssef 
(2015), who found an effect of olive cake ratio with 
or without citric acid supplementation on (total 
protein, albumin, globulin, AST and ALT) of laying 
hens, which were 6.53g/dl, 4.34g/dl, 3.19g/dl, 
56.2U/L and 64.4U/L, at a ratio10%, respectively 
as compared with control hens, which were 6.76g/
dl, 3.46g/dl, 3.30g/dl, 53.5U/L and 64.0U/L, 
respectively.

Effect of feeding on supplemented biscuit with 
different olive pomace ratios on kidney functions

The results of kidney functions (urea and 
creatinine) of normal control and diabetic rats at the 
end of experimental period were recorded in Table 6. 
It can be observed that the serum creatinine in normal 
nutrition of rats and after treatment by olive pomace 
at ratio (2.5%), was 0.85 and 0.58mg/dl, respectively. 
Similarly, the treatment of biscuit with olive pomace at 
ratio (5, 7.5 and 10%) raised to 0.59, 0.59 and 0.59mg/

dl, respectively. Likewise, after the treatment of biscuit 
supplemented with olive pomace at ratio (2.5, 5, 7.5 
and 10%), they were 75.91, 76.15, 76.81 and 77.64mg/
dl, respectively as compared to normal nutrition of 
rats, that was 75.45mg/dl.This finding was in the same 
line with Abdel-Samee et al. (2008), who found an 
effect of nutritional treatments with olive on Kidney 
functions (Urea and Creatinine), in heat stressed 
sheep in relation, which were 18.3mg/dl and 1.22mg/
dl, respectively as compared to control sheep, which 
were 15.5mg/dl and 1.22mg/dl, respectively. Bawazir 
(2011) found the effect of chronic oral administration 
of extra virgin olive oil (7.5 mg/kg b.wt.) on urea and 
creatinine of male albino rat, which were 42.5(mg/
dI) and 0.383(mg/dI), after 4 weeks, respectively as 
compared with control rats, which were 97.33(mg/dI) 
and 0.417(mg/dI), respectively. 

The effect of feeding on supplemented biscuit with 
different olive pomace ratios on some serum lipid 
profile

Effect on total cholesterol and triglycerides
From Table 7, it can be noticed that total 

cholesterol decreased with increasing the 
treatment of supplementation of olive pomace 
in rats nutrition percentage 10% which was 
2.44mg/dl. While, the decreased supplementation 
of olive pomace in rats nutrition at treatments 
percentages 2.5, 5 and 7.5%,they were 3.21, 2.75 
and 2.94mg/dl, respectively compared to normal 
nutrition of rats which was, 3.43mg/dl. In Table 
7, we can observe that triglycerides increased 
by decreasing the treatment of supplementation 
of olive pomace rats nutrition percentage to 7.5 
and 10%, to be 97.5 and 97.3mg/dl. While, the 
decreased supplementation ratio of olive pomace 
in rats nutrition at treatments percentages 2.5 and 
5%, they were 98.6 and 98.2mg/dl, respectively 
compared to normal nutrition of rats, it was, 
98.9mg/dl.

Effect on HDL, LDL and vLDL-cholesterol
There is a relationship between the level 

of HDL-cholesterol and hypertriglyceridemia, 
hypercholesterolemia and lipoprotein cholesterol 
heart disease, the high level of HDL-cholesterol 
decreased the evidence of atherosclerosis. 
Data in Table 7, also show that treatment of 
supplementation of olive pomace in rats nutrition 
led to a gradual increase of serum HDL. Raising 
both treatments of the experiment caused an 
increase in serum HDL, which reached 37.91mg/
dl, of  olive pomace supplementation  in rats 
nutrition at percentage 10%, While feeding rats 
on biscuits supplemented with olive pomace at 
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2.5, 5 and 7.5%, gave serum HDL values 63.95, 
37.11 and 37.66mg/dl, respectively compared to 
normal nutrition of rats,it was 36.38mg/dl. The 
data in Table 7, showed similar effect on serum 
LDL. Raising both treatments of the experiment 
caused a decrease in serum LDL, which reached 
13.40mg/dl, with supplementation of olive 
pomace in rats nutrition at percentage 10%, 
While, the decrease of supplementation of olive 
pomace in rats nutrition to percentages 2.5, 5 and 
7.5%, it reached 13.29, 13.32 and 13.35mg/dl, 
respectively compared to normal nutrition of rats, 
which was 13.25mg/dl. Data for vLDL values as 
a result of treatments of supplementation of olive 
pomace in rats nutrition, increased from 19.2mg/
dl of normal nutrition to 19.4, 19.6, 19.69 and 
19.72mg/dl, at treatments 2.5, 5, 7.5 and 10% of 
olive pomace in rats nutrition when supplemented 
in prepared biscuit, respectively. Obtained data 

are in agreement with those by Kim et al. (2014)
who found an effect of Olea europea-ethyl acetate 
(Oleaceae) fruit pomace (Oleaceae) extract on 
plasma lipid levels (TC, TG, HDL and LDL), of 
rats after administering a dose of 100mg/kg, to be 
5.45, 0.65, 8.74 and 0.59(mM), respectively.While, 
plasma lipid levels of normal control were1.73, 
0.70, 0.40 and 0.91(mM), respectively. Also, 
Amal et al. (2012) found that they were affected 
by the experimental diets on total cholesterol, 
Triglycerides, HDL-cholesterol, LDL–cholesterol 
and VLDL of male New - zealand white rabbits, 
were 64.67, 52.90, 39.50, 14.59 and 10.58mg/
dl, at a ratio 1.5%, respectively as compared to 
0%, which were 69.33, 66.10, 31.27, 24.84 and 
13.22mg/dl, respectively. Mahmoud et al. (2013) 
found the effect of supplementation of broiler 
diets with olive oil (1%), on Triglyceride, HDL-
cholesterol and LDL-cholesterol, which were 

TABLE 6. Effect of feeding on supplemented biscuit with different olive pomace ratios on kidney 
functions (mg/dl) of the experimental diabetic rat groups

Groups Urea (mg/dl)
(10 - 50 mg/dl)*

Creatinine (mg/dl)
(0.5 - 1.5 mg/dl)*

Group 1 34.25e 0.54d

Group 2 39.45a 0.60a

Group 3 35.91d 0.58c

Group 4 36.15c 0.59b

Group 5 36.81c 0.59b

Group 6 37.64b 0.59b

*Normal range
 Each value is an average of five determinations.
Values followed by the same letter in column are not significantly different at p ≤ 0.05. 
G1 – G6 as mentioned blow  (Table 2).

TABLE 7. Effect of feeding on supplemented biscuit with different olive pomace ratios on some serum 
lipid profile (mg/dl) of the experimental diabetic rat groups

Groups TC (mg/dl)
(140 – 200)*

HDL-c (mg/dl)
(41 – 75)* AI LDL-c

(mg/dl)
TG (mg/dl)
(60 - 165 )*

vLDL-c
(mg/dl)

Group 1 98.2b 36.30c 1.71a 13.20c 19.10c 3.25b

Group 2 8.9a 36.38b 1.72a 13.25b 19.20c 3.43a

Group 3 98.6a 36.95b 1.67b 13.29b 19.40b 3.21b

Group 4 98.2b 37.11a 1.65b 13.32a 19.60b 2.95c

Group 5 97.5c 37.66a 1.59c 13.35b 19.69a 2.74c

Group 6 97.3c 37.91a 1.57c 13.40a 19.72a 2.44d

* Normal range.
TC: Cholesterol, HDL-c: High density lipoprotein, LDL-c: Low density lipoprotein, TG: triglycerides, AI: 
Atherogenic index, TL: Total lipids and vLDL-c: very low density lipoprotein

Each value is an average of five determinations. Mean values in each column having different superscript 
(a, b,c,..) are significant at p<0.05 by different and vice versa. 

G1 – G6 as mentioned below of (Table 1). 
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50.25mg/dl, 79.32mg/dl and 38.83mg/dl, after 
42 days, respectively as compared with control, 
which were 54.36g/dl, 88.52mg/dl and 42.19g/
dl, respectively.This finding was in the same line 
of Ismail and Abd - Elgawad (2010) who found 
an effect of anna apple pomace powder on total 
cholesterol, Triglycerides, HDL-cholesterol, 
LDL–cholesterol and VLDL, of diabetic rats, 
which were 130.55, 59.70, 39.39, 97.21 and 
11.94mg/dl, at ratio of 2.5%, respectively. 
compared to control rats, which were 81.37, 
43.51, 47.20, 25.47 and 8.70mg/dl, respectively.

Effect of supplementation of biscuit with olive 
pomace on  haematological parameters

The complete blood count (CBC) was used as 
a broad screening test to check such disorders as 
anemia, infection and many other diseases. It is 
actually a panel of tests that examines different 
parts of the blood, which play an important role in 
metabolism and important indicators of health in 
both human and animals (Bain et al., 2006).

The complete blood count (CBC) includes the 
following tests:

Effect on HB, RBCs, PCV, MCV and MCHC:
Data in Table 8 conveyed that the haemoglobin 

level (Hb), in normal nutrition of rats, which was 
10.19g/dl and increased high percentage to 11.75, 
11.98 and 12.07g/dl, at treatments 5, 7.5 and 10% 
of olive pomace when supplemented to biscuit. 
While, the effect of supplementation olive pomace 
attribution  2.5% in nutrition of rats increased 
haemoglobin level to 10.30g/dl, respectively. 
From the same table, it was clear that the total 
red blood cells (RBCs) rised from 5.19×106/μL 
for normal nutrition of rats to 5.21, 5.79, 5.95 
and 6.09×106/μL after treatment of olive pomace 

when supplemented to biscuit percentage 2.5, 5, 
7.5 and 10%, respectively.

The same table showed that the total packed 
cell volume (PCV) of control negative group, 
was 38.17% which increased to 39.00, 40.33, 
41.09 and 42.17%, after feeding on biscuit 
supplemented with 2.5, 5, 7.5 and 10% olive 
pomace, respectively. The data revealed that the 
total mean corpuscular volume (MCV) of normal 
nutrition of rats, was 57.04μm3 which increased 
to 57.95, 58.44, 58.98 and 59.48μm3, feeding on 
biscuit supplemented with 2.5, 5, 7.5 and 10% 
olive pomace, respectively. In the same table, 
results showed that the total mean corpuscular 
hemoglobin ratio (MCHC) rised from 33.11/
dl for normal nutrition of rats to 34.09, 34.93, 
35.03 and 35.96g/dl, after feeding on biscuit 
supplemented with 2.5, 5, 7.5 and 10% olive 
pomace, respectively.

Effect on Plt, MPV, PCT and PDW
Data in Table 9, reveal that the platelet 

blood (Plt) level in normal nutrition of rats, was 
1109×103/μl and increased with high percentage 
to 1209 and 1281×103/μL, for rats fed on biscuit 
supplemented with 7.5 and 10% olive pomace, 
respectively. While, the effect of supplementation 
with olive pomace attribution 2.5 and 5% in rats 
nutrition increasing platelet level to 1123 and 
1173×103/μL, respectively. The table showed 
that the mean platelet volume (MPV) rised from 
9.2μm3 for normal nutrition of rats to reach 
to9.3μm3 after feeding on biscuit supplemented 
with  5, 7.5 and 10% olive pomace, respectively. 
However, the effect of supplementation with  
olive pomace attribution 2.5% in rat nutrition on 
(MPV), was 9.2μm3,did not have any effect. The 
same table showed that the platelets hematocrit 

TABLE 8. Effect of Supplementation of olive pomace for biscuit on haematological parameters of the 
experimental diabetic rat groups

Groups Hb(g/dl) RBCs (106/μl) PCV(%) MCV(μm3) MCHC (g/dl)
Group 1 10.30c 5.20c 40.35b 57.99c 33.15c

Group 2 10.19c 5.19c 38.17e 57.04d 33.11c

Group 3 10.30c 5.21c 39.00d 57.95c 34.09b

Group 4 11.75b 5.79b 40.33c 58.44b 34.93b

Group 5 11.98b 5.95b 41.09b 58.98b 35.03a

Group6 12.07a 6.09a 42.17a 59.48a 35.96a

Hemoglobin (Hb), red blood cells count (RBC), packed cell volume (PCV), mean corpuscular volume (MCV), mean 
corpuscular hemoglobin ratio (MCHC). Each value is an average of five determinations. Mean values in each column 
having different superscript (a, b,c,..) are significant at p<0.05 by different and vice versa. 
G1 – G6 as mentioned below of (Table 1).
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value (PCT) in normal nutrition of rats was 8.1%, 
which rised at high percentage to 8.36 and 8.42% 
after treatment with olive pomace at percentage 
7.5 and 10%,when supplemented to biscuit of 
rat nutrition, respectively. While, the effect of 
supplementation with olive pomace attribution 
2.5 and 5% in nutrition of rats on (PCT) increased 
to 8.2% and 8.2, respectively. On the other hand, 
Table 9 show that the total platelet distribution 
width (PDW) values as a result of treatment of 
supplementation of olive pomacein rats nutrition, 
increased to 12.2, 12.6, 12.6 and 12.7%, for rats 
fed on biscuit supplemented with 2.5, 5, 7.5 and 
10% olive pomace, respectively. As compared 
with normal nutrition of rats, which was 12.2%.

Effect on WBCs, Lym, Mono and GRA
Data in Table 10 reveal that white blood 

cells (WBCs) level in normal and treatment 
olive pomace percentage 2.5%, of rat nutrition, 
was11.23×103/μL.and increased to 11.46, 11.83 
and 11.89×103/μL, at treatment with olive pomace 
percentage 5, 7.5 and 10%, respectively when 
supplemented in biscuit. From Table 9, it was 
showed that the levels of Lymphocytes (Lym) 
increased from 5.35×μm3 for normal nutrition of 
rats to reach 5.41, 5.51, 6.10 and 6.51×103/μL, for 
rats fed on biscuit supplemented with 2.5, 5, 7.5 
and 10% olive pomace, respectively.

The data revealed that the Monocytes (Mono) 
value of normal nutrition of rats was 0.45% which 

higher to 0.52 and 0.55% for rats feed on biscuit 
supplemented with 7.5 and 10% olive pomace, 
respectively followed by groups fed on biscuit 
supplemented with 2.5 and 5% olive pomace, 
respectively. On the other hand Table 9 showed 
that the Granulocytes (GRA) of normal nutrition 
of rats, was 38.0% while after supplementation 
with olive pomace attribution 2.5, 5, 7.5 and 10%, 
of nutrition of rats on (GRA) they were 38.5, 39.0 
and 39.7%, respectively.

This results agreed with Mahmoud et al. 
(2013), Nandakumaran et al. (2014) and Nadir 
et al. (2016) who found the effects of oleuropein 
on hematological analysis including (RBCs, Hb, 
PCV and PLTs) in plasma of experimental rats, 
which were 7.44(x106/μL), 14.2(g/dl), 44.25% 
and 434.00(x103/μL), at treatment 10mg/kg, 
respectively compared to those of normal control 
rats, which were 6.75(x106/μL), 12.82(g/dl), 
40.35% and 456.13(x103/μL), at treatment 10mg/
kg, respectively.

Conclusion                                                              
The effects of  biscuit supplementation with 

olive pomace in ratios 2.5, 5, 7.5 and 10% in 
nutrition of rats are increasing body weight and 
improvement of blood biochemical of rats.The 
comparison of the results of olive pomace with 
leaves, fruits and oil gives an importance to olive 
pomace as nutritional and healthy formulas.

TABLE 10. Effect of supplementation of olive pomace for biscuit on WBCs deferential of the experimental diabetic rat groups

Groups WBC (103/μl) Lym (103/μl) Mono (%) GRA (%)
Group 1 11.24 5.37 0.47 38.4
Group 2 11.23d 5.35e 0.45b 38.0b

Group 3 11.23d 5.41d 0.46b 38.5b

Group 4 11.46c 5.51c 0.49b 38.8b

Group 5 11.83b 6.10b 0.52a 39.0a

Group 6 11.89a 6.51a 0.55a 39.7a

White blood cells count (WBC), Lymphocytes (LYM), Monocytes (MON) and Granulocytes (GRA). 

TABLE 9. Effect of supplementation of olive pomace for biscuit on plt deferential of the experimental diabetic rat groups

Groups Plt (103/ μl) MPV (μm3) PCT (%) PDW (%)
Group 1 1120b 9.3a 8.3b 12.5c

Group 2 1109c 9.2b 8.1d 12.2d

Group 3 1123b 9.2b 8.2c 12.4c

Group 4 1172b 9.3a 8.2c 12.6b

Group 5 1209a 9.3a 8.3b 12.6b

Group 6 1281a 9.3a 8.4a 12.7a

Platelets count (Plt), mean platelet volume (MPV), platelets hematocrit (PCT), platelet distribution width (PDW).
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تفل الزيتون على فئران مصابة بمرض السكر
 تأثير التغذية بالبسكوت المدعم بمستويات مختلفة من

محمد فرحات القطب،سعد الله محمد صالح وسمير يوسف السناط
قسم تكنولوجيا الأغذية ـ كلية الزراعة ـ جامعة كفرالشيخ

 تم دراسة تأثير إستبدال دقيق القمح استخلاص %72بنسب تتراوح من  2.5 – %10  من مطحون تفل الزيتون المعامل بـ 60 كيلواجراي من
 أشعة جاما في تصنع البسكويت على صحة فئران التجارب المصابة بالسكري بعد مرور 42 يوم من التغذية،ولوحظ من خلال النتائج انخفاض
 مستوى جلوكوز الدم بالفئران المصابة بمرض السكرى انخفاض معنويا بزيادة مستوى تفل الزيتون وسجل أعلى انخفاض بعد مرور 42 يوم
 من التغذية. ،وكذلك تم دراسه  التاثيرات الناتجه عن تغذيه الفئران بمستويات مختلفه من تفل الزيتون على  الزياده فى وزن الجسم و استهلاك
 وتناول الغذاء و كفاءه التحويل الغذاء للفئران ،وقد تم اعداد وصياغه التغذيه المعمليه للفئران كالتالى ) %0 ,2.5 % ، %5 ، %7.5 و 10%
 ( من تفل الزيتون مع البسكويت على التوالى ، والمستخدمه مع فئران مصابه بالسكرى ) 7 فئران فى كل مجموعه( لمده 42 يوم وبعد اليوم
  42 سجلت التحاليل الكميائيه التاليه لعينات الدم :- الانزيمات ) مالوندى الدهيد ، ومضادات الاكسده الكليه ، والسوبر اوكسيداز داى ميوتيز ( ،
 وظائف الكبد ) ألانين امينو ترانس فريز ، و أمينو ترانس فريز و البروتين الكلى ( ، وظائف الكلى  ) الكرياتينين و اليوريا ( ، وصفات الدهون
 ) الدهون الثلاثيه ، و الكوليسترول الكلى ، و البروتين الدهنى عالى الكثافه ، و البروتين الدهنى منخفض الكثافه ، و البروتين الدهنى منخفض
 الكثافه جدا ( ، صوره الدم الكامله ) هيموجلوبين ، و كرات الدم الحمراء  ، و كرات الدم البيضاء ، و الصفائح الدمويه ( وكان أعلى تاثير
 لاضافه تفل الزيتون لتغذيه الفئران على وزن الجسم هو )200 ، 200 ، 205 ، 225 جرام ( للمعاملات  2.5 % ، 5 % ، %7.5 ، %10  من
 تفل الزيتون  على التوالى وذلك بالمقارنه مع التغذيه الطبيعيه )الكنترول(  ) %0 تفل زيتون ( والتى كانت 190 جرام ، و كاناستخدامالمعامله)
 %10 من تفل الزيتون ( هى الاكثر تأاثيرا على مقاييس صفات وكمياء الدم بالمقارنه مع التغذيه الطبيعيه ، ولذلك يوصىباضافه تفل الزيتون

. بنسبه ) %5 ، و 7.5 % ، و %10 ( من تفل الزيتون فى تعذيه الفئران  لتحسين الاداء والصحه


