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ABSTRACT: Olive oil extraction a remaining cake rich in oil that can be used in chicken diets.
The objectives of this study are to determine the chemical composition, minerals and fatty acid
composition of olive cake (OC). The effect of addition of OC (2 and 4%) to chicken diets on the
sensory evaluation, oxidative stability (OS) and bacteriological activity of chicken meat during 15
days storage period at 4°C were also investigated. The results indicated that, the ether extract and
crude fiber contents of OC were 12.57 and 50.87%, respectively. In addition, OC contained high
percentage of minerals such as K, Mg, Ca and P. In contrast, analysis of fatty acids using GLC
revealed that the unsaturated oleic acid (18:1) was predominant (72.1%). Moreover, OS of chicken
meat fed on 4% olive cake was significantly higher than that of 2% olive cake during the storage
period (15 days). It can be concluded that OC is considered as a good by-product of nutrients and
addition of OC in the chicken diet had an influence on reducing of lipid oxidation and delaying colour
and odour deterioration in chicken meat during the storage period.

Key words: Olive cake, chicken diet, lipid oxidation, minerals.

by-product that contains of olive skin, pulp,
stone and water (Alburquerque et al., 2004).

INTRODUCTION

The requirements for energy have always One of the chief challenges in marketing of

increased because of the human activities,
industrialization and population increase
(Alhusein et al., 1993).

The intensive developing and processing of
olives produces large quantities of by-product
approximately 800 kg olive cake/ton which are
used in different ways (Martin-Garcia et al.,
2003).

Olive is a main crop in Mediterranean
countries, Argentina and Chile. Olive oil
plantations coexist with major farmers sheep
production systems in Central Chile. Olive oil
extraction is related with the manufacture of
abundant quantities of residues (olive cake) that
are difficult to arrange and may have a negative
environmental effect. OC is an agro-industrial
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meat is the retention of quality during storage
and sells display by delaying the oxidative
deterioration of muscle constituents, such as
cholesterol, fatty acids and which concessions
the sensory and dietary quality of meat (Hur et
al., 2007; Faustman et al., 2010).

The potential use of OC as a replacer part of
the cereal concentrate in diets for small
ruminants has been discovered, as this might
partially donate both to solving the problem of
the removal of OC and to reduce of production
prices for livestock feeding. Although, the work
of the effect of OC in minor ruminants diets on
feed digestibility and animal performances has
been relatively commonplace (Molina-Alcaide
and Yaiez Ruiz, 2008).
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Olive cake, a mixture of skins, pulp, woody
endcarp and seeds, is characterized by a great
content in phenolic antioxidants, such as tyrosol,
hydroxytyrosol and secoiridoids derivatives
(Servili et al., 2009).

Several studies testified that OC was added
at 2-5% to broiler diets without contrary effects
on development performance, carcass features,
inner body organs and blood hematology (Rupic
et al., 1999; Abo-Omar, 2005; Zangeneh and
Torki, 2011). However, a higher level of OC
adversely affects nutrient digestibility (Abo-
Omar, 2000).

The oxidative stability (OS) of meat is
dependent on the balance between muscle pro-
oxidant and antioxidant components. Muscle
antioxidants include endogenous antioxidant, in
addition, molecules of dietary source, like
carotenoids, tocopherols (Descalzo and Sancho,
2008).

Lipid oxidation is one of the chief factors
controlling the acceptability and quality of meat
because it is responsible for the development of
several changes in meat, besides, the production
of potentially toxic compounds (Zanardi et al.,
1998). Furthermore, lipid oxidation is an
important matter of concern to retailers because
its discolouration effects, plus off-flavour
improvement, powerfully affect the meat shelf
life (Allen and Cornforth, 2010).

The objectives of current study are to
estimate the chemical composition, minerals and
fatty acid composition of OC. The influence of
addition of OC (2 and 4%) to chicken diet on the
sensory evaluation, the OS and bacteriological
activity of chicken meat during the storage
period at 4°C were investigated for improvement
of quality and shelf life of chicken meat by
decreasing lipid oxidation and delaying colour
and odour deterioration in chicken meat during
the storage period.

MATERIALS AND METHODS

Raw Materials

The birds (SASSO broiler chicks) and olive
cake powder were provided from Al-Sabeel Al-
Gadidah Company for poultry production,
Tanta, Gharbia District, Egypt.

Methods

Proximate chemical composition of olive
cake

Moisture, ether extract, protein, crude fiber,
ash and crude fiber contents of olive cake were
estimated using the methods outlined in AOAC
(2005).

Determination of minerals content of olive
cake

Minerals were determined according to
Chapman and Pratt (1978). After wet ashing
zinc (Zn) and manganese (Mn) were determined
using the atomic absorption spectrophotometer
(Zeiss FMD3). Calcium (Ca), potassium (K) and
sodium (Na) were determined using a flame
photometer. Phosphorus (P) was estimated
photometrically as the phosphorus molydate
complex spectrophotometer at wave length of
650 nm, using a standard curve in relation to the
method described in AOAC (2005).

Fatty acids composition of olive cake

Lipids from OC were removed with
chloroform/methanol (2:1, V/V) by Folch et al.
(1957) method and methylated with modifications
of Sukhija and Palmquist (1988). The gas
chromatography (GC) conditions were similar to
those mentioned by Vargas-Bello-Pérez et al.
(2013).

Preparation of chicken diets

Ninety birds (SASSO broiler chicks) one day
age (according to the nutrition guide of Cobb
stern) were distributed into three treatment
groups and each group has 3 replicates (n=10
birds). The first group was used as control and
fed on basil diet (The basil diet was prepared by
commercial ingredients as like yellow corn,
soybean meal, and corn gluten and the chemical
compassion of basil diet and olive cake diets are
same and the diets analysis were 21.5% crude
protein, 3050 kcal’kg, 1.0% Ca and 0.46%
Phosphorus), the second group fed diet contains
2% olive cake and the third group fed diet
contains 4% olive cake. The birds fed the diets
for 63 days. At 63" day, ten birds per replicates
at the same body weight were slaughtered
(Tougan et al., 2013). Breast muscle was
collected with thigh and wing (with the same
proportions) and chopped then frying was done
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in sunflower oil at 175-180°C for 0.5:2 min to
estimate the sensory evaluation test. The OS and
bacteriological activity of fresh chicken meat
during the storage period (15 days) at 4 C+1
were determined.

Sensory evaluation of chicken meat fed on
olive cake

Chicken fed on different rates of OC were
sensory tested at zero time for their colour,
odour, texture, taste and overall acceptability
after frying on a 1 to 15 hedonic scale as defined
by Meilgaard et al. (2007).

Quality characteristics of the chicken meat
(breast, thigh and wing muscle)

Moisture, ether extract, protein and ash
contents of the chicken meat were estimated
using the methods outlined in AOAC (2005).

Peroxide value (PV)

Peroxide value (PV) of oil extracted from the
chicken meat (breast, thigh and wing muscle)
was measured using the method outlined by
Leonard et al. (1987).

Thiobarbituric acid reactive substances
(TBARS)

TBARS assay was made according to the
method of Nirmal and Benjakul (2009) and
TBA value was expressed as mg malondialdehyde
(MDA)/kg chicken.

Total bacterial counts (TBC)

Total bacterial counts (TBC) of chicken meat
(breast, thigh and wing muscle) were estimated
by the shelf life at 0 and 15 days in plate count
agar by the pour-plate method (Difco, 1977).

RESULTS AND DISCUSSION
Chemical

Proximate
Olive Cake

The results presented in Table 1 cleared that
the chemical composition of OC and found low
crude protein (7.0 g/100g) and high ether extract
and crude fiber contents (12.57 and 50.87 g/100
g), respectively. In addition, moisture, available
carbohydrates and ash contents of OC were
7.12, 21.14 and 8.42 g/100g (on dry weight
basis), respectively. These results are in agreement

Composition of

with that mentioned by Alburquerque et al.
(2004) and Alvarez-Rodriguez et al. (2009).

Alvarez-Rodriguez et al. (2009) evaluated
chemical composition of OC and found a higher
ether extract (11.7 g/100 g). Alburquerque et
al. (2004) analyzed olive cake and found that
crude protein valued 7.2 g/100 g and ether extract
12.1 g/100 g (on dry weight basis).

Minerals Content of Olive Cake

The results in Table 2 illustrate minerals
content of olive cake. The highest value of
minerals content was Na (6651.5 ppm) followed
by Ca (3010 ppm), K (2985 ppm), Mg (2053
ppm), P (1546.5 ppm) then Fe (85.5 ppm) and Mn
(17.15 ppm) were the lowest. Due to the high
organic load and substantial amounts of plant
nutrients (P,N, K, Fe and Ca) in the composite
OC, it can be used as fertilizers, especially it
showed a great degree of humification and no
phytotoxic effect (Hachicha et al., 2006).

Fatty Acids Analysis

From the results presented in Table 3, it can
be observed that, the main fatty acids of OC
were the unsaturated oleic acid (18:1) (72.1%),
the linoleic (18:2) (9.5%), the palmatic (C16:0)
(7.3%), stearic acid (14:0) (4.4%) and linolenic
acid (18:3) (4.1%). Opposition of polyunsaturated
oils (linoleic, linolenic and arachidonic) to
oxidation depends on factors such as exposure to
oxygen, exposure to light, the existence of
pigments and heavy metals as well as saturation
degree (Gutierrez et al., 2008).

Alcaide et al. (2003) reported that, the high
oleic content of OC was 67.9 g/100g. Although,
Vargas-Bello-Pérez et al. (2013) found a higher
proportion of oleic content of olive cake
(75.8 g/100g). From all this, it can be inferred
the importance of a high accuracy in the
characterization of by-products prior to be used
in the formulation of commercial feedstuffs.

The sensory evaluation of chicken

The sensory properties of chicken meat fed
on diet with added olive cake (0, 2 and 4%) are
shown in Table 4. It is clear that the chicken
meat with the two and four percentages had
relatively near values for colour, taste, odour,
texture and overall acceptability compared to
control sample. There were no significant
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Table 1. Proximate chemical composition (on dry weight basis) of olive cake

Component Moisture Crude protein Ether extract Ash Crude fiber Available
(1)
(%) (%) (%) (%) (%) carbohydrates (%)
Olive cake 7.12 7.0 12.57 8.42 50.87 21.14

Table 2. Minerals content (ppm) of olive cake (on dry weight basis).

Minerals (ppm)
Na K Ca Mg Cu Fe Mn P
Olive cake 6651.5 2985 3010 2053 4.5 85.5 17.15 1546.4

Table 3. Fatty acids analysis of olive cake

Fatty acids analysis (%)

Palmatic Stearic Oleic Linoleic Linolenic Unknown
acid acid acid acid acid fatty acids
Olive cake 7.3 44 72.1 9.5 4.1 2.2

Table 4. The sensory evaluation of fried chicken meat fortified by olive cake

Olive cake Sensory properties
Colour Taste Texture Odour Overall acceptability
Control 8.5+0.99 * 8.2+1.2° 8.8+0.83 ° 8.5+1" 8.5+0.96 *
2% 8.3+0.98 * 8.1+0.90° 8.6+0.79 * 82+1.3° 8.3+0.98 *
4% 8.2+1® 8.1£13%  85+1.1% 8.1x1.1° 8.2+£0.99

Averages in the same row with unlike superscripts differed significantly (P < 0.05).
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differences (P < 0.05) of sensory properties
among 0, 2 and 4% samples. The taste is a
feeling perceived by the tongue and influenced
by the texture. Taste ranged from 8.2 to 8.1,
colour and overall acceptability ranged from 8.5
to 8.2 and odour ranged from 8.5 to 8.1.

Quality Characteristics of Chicken Meat
(Breast, Thigh and Wing Muscle)

Results given in Table 5 show that the olive
cake percentage had affected on all quality
characteristics of chicken meat. Increasing the
percentage of OC in the chicken diet improved
the moisture, fat, ash and protein contents.
Majed et al. (2016) indicated that the biological
value of diverse concentrations of OC as
improvers of the storability, quality and safety
of beef patties was studied. Increasing the
percentage of OC in the patties improved the fat
and protein contents, moisture, cooking yield
and fat retention.

The OS of Chicken Meat

The results presented in Figs. 1 and 2 show
that the addition of the olive cake in the chicken
diet (2 and 4%) had an effect on lipid oxidation
of meat during the storage periods (0, 3, 6, 9, 12
and 15 days). The primary oxidation products
measured by estimation of PV and the secondary
oxidation products measured by estimation of
TBARS. The PV of chicken meat fed on 2% OC
was significantly (P < 0.05) higher than that of
4% OC at the storage period. In addition, PV
values of chicken meat fed on 2 and 4% olive
cake were significantly (P < 0.05) lower than
that of control at the storage period. PV values
of chicken meat fed on 2 and 4% olive cake
were 7.6 and 6.9 meq O%kg oil at the end of
storage period (15 days), with compared to the
control (8.5 meq O*/kg oil). PV values increased
by increasing of storage period. Also, TBARS
values of chicken meat fed on 4% olive cake
were significantly (P < 0.05) lower than that of
2% olive cake at the storage period. In addition,
TBARS values of chicken meat fed on 2% olive
cake was significantly lower than that of chicken
meat without olive cake (control) at the storage
period. TBARS values of chicken meat fed on 0,
2 and 4% olive cake were 3.11, 2.84 and 2.66
mg MDA/kg at the storage period.

Using of 4% olive cake was better than 2%
in chicken diets for reducing lipid oxidation
because olive cake contain on minerals and

phenolic compounds of 2% OC less than 4%
OC. However, olive cake contain on high
percentage of unsaturated fatty acids (85.7%).
Also, The performance of poultry and is
advisedly affected by the presence of dietary
NSP (Gil-Serrano and Tejero-Mateo, 1988;
Saleh et al., 2015).

The OS of unsaturated fatty acids reduces
with increasing unsaturation degree due to
unsaturated sites are the most susceptible sites
for heat induced and radical-based fat oxidation.
The products made are like those of
autooxidation but the amounts formed vary with
temperature even within low temperature ranges
of 25-80°C (Stewart et al., 2003).

Polyphenol limits the initiation of lipid
oxidation by binding metals, such as Fe and Cu,
stabilizing them in an inactive form. Meat
colour can thus be conserved because of the
antioxidants ability to limit oxidation, inhibiting
of reactive aldehydes and preventing iron-
catalysed lipid oxidation (Allen and Cornforth,
2010; Dal Bosco et al., 2012).

Bacteriological Determination

The results presented in Table 6 show that
the distribution of total bacteria in chicken meat
fed on different rates of olive cake. The total
bacteria of chicken fed on 2% olive cake was
found 1.2 x 10% and 3.9 x 10’ cfug” at 0 and 15
days, respectively. While, the total bacteria of
chicken fed on 4% olive cake was found 1.1 X
10* and 2.5 x 10’ cfug' at 0 and 15 days,
respectively. The total bacteria of control were
1.4 x 10% and 6.1 x 10* cfug” at 0 and 15 days,
respectively. These values are close to the
counts reported by Kilonzo-Nthenge et al.
(2013), total bacteria numbers were between
3.26 (chicken wings) and 4.75 cfug’ (chicken
breast).

Conclusion

This study confirms the importance of olive
cake as a vital source of oil especially total
monounsaturated fatty acids, crude fiber and
minerals. In addition, olive cake as by-product
improved the shelf life and dietary value of
chicken meat through the storage period.
Therefore, adding olive cake in a concentrate-
based diet for chicken could be recommended as
a natural plan to improve the nutritional quality
of chicken without compromising its oxidative
stability.
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Table 5. Effect of olive cake on quality characteristics of chicken meat

Olive cake Quality characteristics
Moisture (%) Total ash (%) Fat (%) Protein (%)
Control 72.4 0.87 1.80 19.23
2% 72.5 0.89 1.86 20.49
4% 72.5 0.90 1.95 20.63
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Fig. 1. The effect of storage time on peroxide value (meq O*/kg oil) of chicken meat fed on diet
with added olive cake compared with control at 4+1°C
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Fig. 2. The effect of storage time on thiobarbituric reactive substances (mg MDA/kg) of chicken
meat fed on diet with added olive cake compared with control at 4+1°C
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Table 6. Total bacterial counts (cfug”) of chicken meat fed on olive cake during the storage

periods at 4°C+1
Olive cake Storage period (day)
0 15
Control 1.4 % 10° 5.1 x 10"
2% 1.2 x 10° 3.9 x 10’
4% 1.1 x 10° 2.5x10°
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