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ABSTRACT

The current study was carried out to evaluate the use of crude isoflavones (CIE), crude
rosemary extract (CRE), butylated hydroxy anisol (BHA) and CIE plus CRE, as antioxidant
and antimicrobial agents in manufacture of beef burgers during frozen storage at -18°C for
three monthes. The antioxidant and antimicrobial effects of the CIE, CRE, BHA and CIE plus
CRE, were evaluated in beef burger by measuring pH, tiobarbituric Acid (TBARS) values,
unsaponifiable matter, texture profile, sensory and microbiological examinations. The results
showed that extracts derived from soybean (CIE) and rosmary (CRE) leaves had the potential
to reduce the oxidation of beef burgers and extend their shelf life. The combination composed
of 0.03% of CIE and 0.06% of CRE provided the most effective antioxidative activity in
terms of TBARS values until the latter stages of storage. The combined extracts showed good
antibacterial activity againist total bacterial count, coliform, staphylococous and E. coil that
led also to enhance extension of beef burger shelf life. The availability of these natural
antioxidants and their possible synergistic effects suggests an interesting way of improving
beef burger stability to prevent the degenerative diseases caused by fat oxidation products.

Key words: Beef burger; soy isoflavone; antioxidant activity; lipid oxidation; peroxide value;
tba; rosemary; bha; antimicrobial.

INTRODUCTION antioxidant activity of plant extracts such as
rosemary, isoflavones were superior to the

Utilization of plant extracts as an synthetic antioxidants and their larger
alternative to chemical or synthetic intake in our diet improves the overall
antimicrobials and antioxidants to control antioxidant capacity (Bjelakovic et al,

the food-borne diseases, lipid oxidation and 2007).
accordingly extend the shelf life and quality
of food products is an increasing trend in
food industry (Bjelakovic er al, 2007).
Based on the source of origin, antioxidants
can be divided into two types; natural
antioxidants (rosemary, isoflavones) and
synthetic  antioxidants (BHA, BHT,
TBHQ). The synthetic antioxidants increase
the risk of mortality in adult due to rigorous
toxicity and the increase risk of cancer that
they may cause in comparison to natural
antioxidants. On the other hands,

The lack of inherent antioxidant and the
availablity of high quality nutrients lead to
the problem of perishability of the meat
products (Gupta and Savalia 2012; Das et
al., 2013). Meat and meat products provide
excellent growth media for a variety of
microorganisms (bacteria, yeasts and
melds) some of which are pathogenic (Jay
et al., 2005). The most common genera of
bacteria found in meat before spoilage is
Staphylococcus, Bacillus, Campylobacter,
Clostridium, Listeria, Salmonella etc.
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(Garcia-Lopez et al, 1998). The storage
conditions affect the type of microbes
found in meat and meat products. The
favourable pH for the growth of spoilage
bacteria for meat is in the range of 5.5-7.0.
Slime formation, structural components
degradation, off odours and appearance
change were found in meat as a result of
microbial growth within this pH range
(Russell et al., 1996).

The inherent anti-oxidants capacity of
meat products is very low leading to
concern about the quality and shelf life of
meat and meat products. The antioxidants
play a major role in reducing the oxidation
of fat as well reducing the harmful free
radicals that can damage the cells (Russell
et al,, 1996). By improving the antioxidant
capacity of meat by adding natural
antioxidants such as rosemary, isoflavones,
rosemary and isoflavones, the overall
quality as well as acceptability of meat and
fish products can be further enhanced.

The meat products prepared from low
value cuts and offal have poor cooking
yield and emulsion stability due to higher
collagen content leads to poor emulsifying
and water binding capacity. These cuts by
adding soy protein, the binding as well as
functional value of meat products increased
(Ruban et al., 2009). This study aimed to
study the effect of natural crude soybean,
rosemary, BHA and rosemary plus natural
crude soybean extract as antioxidant on
beef burger quality during storage under
freezing storage.

MATERIALS AND METHODS

Collection of Samples

Soybean (Glycine max) was obtained
from the Agriculture Research Centre, Giza,
Egypt during season 2014. Rosemary was
purchased from a local herb shop (Harraz,
Cairo, Egypt), and BHA (Butylated Hydroxy
Anisole) was obtained from Morgan
Specialty Chemicals Company, El- Oboure

city. Twenty kilo grams of freshly beef
chuck, 24 hours postmortem were purchased
from local butcher shop at Giza market-

Egypt.
Preparation of Rosemary Crude Extract

Plant materials (rosemary) were used to
prepare crude rosemary extract that contain
the polar active compounds as following 10
g of dry powdered rosemary leaves (2 %
W/V) were dissolved in distilled water.
After maceration for 48 hours, the extract
was filtered through filter paper. This
filtrate was then frozen and kept at -18 °C
until used (Georgantelis et al., 2007).

Preparation of Crude Isoflavones Extract
from Soybean

Crude isoflavones extract (CIE) from
soybean was prepared to be used with beef
burger preparation to evaluate its antioxidant
and antimicrobial effect as follow: soybean
seeds were milled for 3 minutes at a
medium speed in a coffee bean blender.
Then, the particles of the ground whole soy
flour were ground to pass through a 1 mm
sieve.The soy flour (150 g) was weighed
into a thimble to extract the oil by Soxhlet
apparatus for 8 hours (Fig. 1). The defatted
soy flour (100g) was weighed then
transferred to round bottom flask, then 400
ml of distilled water was added at ratio 1:4
(weight: volume, soy flour: water), then
transferred to a flask and incubated at 45°C
for 5 hr. The mixture was transferred to
high speed centrifuge to be clarified for 30
min at 20°C and 5000 rpm speed (RCF g
force, 5470). The solid phase was thrown
away (discarded). The clarified solution
was transferred to 2L round bottom flask to
be concentrated under vacuum using rotary
evaporator at 35 rpm speed and 55°C up till
almost reaching the volume of 50ml of
concentrated soybean extract according to
Abd Allah (2011).
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Preparation of Beef Burger Samples

Beef burger was prepared in agreement
with the Egyptian Standard Specifications
for burger (ESS 1688/2005) as follows:
twenty kilo grams of freshly beef chuck 24
hours postmortem were transported to the
laboratory in an ice box to be minced in
electrical mincer which was sterilizated
with ethanol 70%. Minced meat 70%, fat
20%, black pepper 0.3%, salt 2% and water
8% were thoroughly mixed for five minutes
and divided into ten portions.

First portion was used as control, while
the other portions were either mixed with
Butylated Hydroxy-Anisole (BHA) at
concentrations of 0.01 and 0.02, or crude
isoflavones extract (CIE) at concentrations
of 0.01, 0.02 and 0.03%. Crude rosemary
extract (CRE) at concentrations of 0.02,
0.04 and 0.06%, or (CIE) 0.02% plus (CRE)
0.02% were also tested. The obtained
mixtures were formed into 50g beef burger
using cardboard meat box, packed in foam
plates and stored in a freezer at -18°C until
tested. Five samples for each treatment
were examined for the following
characteristics every month for three
monthes.

Cooking of Beef Burger

The beef burger samples were grilled for
2 minutes on each side at (75°C) for
measuring cooking yild, cooking loss and
shrinkage. The sensory evaluation was also
performed according to Mittal (2006).

Cooking yield (0/0) — Cooked weight X 100

Raw weight

i ight — Cooked weight X 1
Cooking loss (%) = Raw weight — Cooked weight X 100
Raw weight

Shrinkage (% ) — Raw diameter — Cooked diameter X100

Raw diameter
Analytical Methods
Chemical properties

Water content, pH values, total protin,
fat and ash content were determind

according to methods described by AOAC
(1995). Thiobarbituric acid reactive
substances (TBARS) thiobarbituric acid
value was determined as described by Siu
and Draper (1978).

Bacteriological Examinations

To determine the microbial counts of
total bacterial count, pathogenic bacteria,
including Staphylococcus aureus, E. coli
and Coliform bacteria were carried out as,
follow: ten g of burger samples were
aseptically transferred to sterile plastic bags
containing 90 ml peptone water (Oxoid CM
9, UK). The samples were homogenized for
1-2 min (Interscience Bag Mixer 400), then
10-fold serial dilutions were made in sterile
peptone salt water up to 107 and inoculated
onto specific culture media for bacterial
count (nutrient agar), Staphylococcus
aureus, were determined according to FAO
and Oxoid. Coliform bacteria were applied
using Violet Red Bile (VRB) agar medium.
The plates were incubated at 34°C for 24
hours, coagulase tests were done according
to the method described by Siriken, et al.,
(2006).

Colour Determination for Beef Burger

Colour was evaluated using a colorimeter
(Mod. CR-200, Minolta Camera Co.,
Osaka, Japan). Nine replicate measurements
were taken for each sample, following the
guidelines on colour measurements of the
American Meat Science Association (Hunt
et al., 1991).

Texture Profile

Sur penetrometer (PNR 6, Berlin,
Germany) equipped with a total 100g load
was used to evaluate samples of hardness.
Depth puncture was determined to 1/10 cm
in triplicate for each piece for 30 sec. A
lower depth of penetration indicates a
harder texture (Yildiz-Turp et al., 2005).
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Sensory Evaluation of Cooked Beef
Burger

Overall acceptability was evaluated by
ten panellists and statistically analyzed
according to Basker, (1988). The procedure
recommended was adopted as follows:

A special score sheet was designed to
evaluate each sample by panelists, during
storage period. Quality assessment scheme
was used to identify the quality index
demerit score Basker, (1988).

Statistical analysis

All measurement were done in triplicate
and data was reported as means + standard
deviation (SD) wusing SPSS software
(version 16.0 for windows, SPSS Inc.,
Chicago).

RESULTS AND DISCUSSION

Table 1 shows the chemical composition
of control and treated samples. The control
beef burger contained 13.56% protein,
58.57% moisture, 23.11% fat, 0.39%
unsaponifiable and 2.85% ash. In
comparison with control, the addition of the
crude isoflavones extract (CIE) affected the
proximate composition of burger. The CIE
increased moisture, ash and protein content
and reduced fat content. Ash content was
increased by increasing CIE concentration.
These results are in agreement with those
obtained by Ho et al. (1997) and Abu-
Salem et al. (2014).

In comparison with control, the addition
of rosemary affected the proximate
composition of burger. Rosemary increased
moisture, ash and protein contents and
reduced fat content. Ash content was
increased by increasing the crude rosemary
extract (CRE) concentration remained
unchanged with different concentrations of
CRE Table 1.These results are in agreement
with those obtained by Fernandez-Lopez
et al. (2005) and Abu-Salem et al. (2014).

PH Value

PH values increased from 6.00 to 6.33
in samples treated with various levels of
crude rosemary extract (CRE) through out
1 and 2 ™ monthes of storage, then PH
values trended to decrease to 6.23

PH values gradually increased from 6.1
to 6.27 for control samples, and increased
from 6.08 to 6.15 in sample treated with
different levels of Butylated Hydroxy-
Anisol (BHA) from 6.30 to 6.23 in samples
treated with different levels of crude
rosemary extract (CRE). On the other hand,
it increased from 6.08 to 6.16 in samples
treated with different levels of CIE while it
decreased from 6.23 to 6.18 in samples
treated with CIE plus CRE Table 2 after the
2 ™ month of storage Similar results were
obtained by Fernandez-Lopez et al,
(2005), Abdel-Hamied er al. (2009);
Ahmed, ef al. (2010) and Abu-Salem et al.
(2014).

According to Khouraiba (1981) the
increase of pH value was due to the
proteolysis process leading to the increase
of free basic amino acids as well as the
accumulation of ammonia, amines and
other basic products of bacteria breakdown.

(CIE) Crude Isoflavones Extract, (BHA)
Butylated Hydroxy-Anisol and (CRE)
Crude Rosemary Extract

TBARS Value

TBA test has been widely used to
measure lipid oxidation in meat and meat
products. Results clearly in Table 3 show
that TBA wvalues increased in control
sample during storage period. Results
showed that increasing the CIE, CRE, BHA
and CIE plus CRE levels resulted in
decreasing the TBA values Table 3.

These results agree with those reported
by Fernandez-Lopez et al. (2005), Abdel-
Hamied et al. (2009); Ahmed, ef al. (2010)
and Abu-Salem er al. (2014) for other
natural antioxidants applied to meatballs.
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Table (1): Proximate composition (mean + S.D) of burger prepared with CIE, BHA and
CRE additives during storage at -18°C £ 1.

Treatment Moisture (%) Protein (%) Fat (%) Unsaponifiable (%) Ash (%)
Control 58.57+0.09  13.56+0.01 23.11+0.05 0.39+0.34 2.85+0.06
BHA 0.01% 58.95+0.02  13.75+£0.04 22.21+0.06 0.38+0.16 2.95+0.04
BHA 0.02% 59.73+£0.07  13.39+£0.05 23.01£0.07 0.37+0.21 2.89+0.09
CIE 0.01% 58.86+0.02  13.73+£0.05 21.91+0.03 0.39+0.36 3.13+0.01
CIE 0.02% 59.83+£0.07  14.19+0.03 21.05+0.04 0.39+0.32 3.294+0.06
CIE 0.03% 60.26+0.01  14.59+0.06 19.16+0.03 0.38+0.33 3.40+0.04
CRE 0.02% 58.97+0.02  13.84+0.05 20.16+0.08 0.38+0.26 2.88+0.08
CRE 0.04% 59.93+0.17 13.37+0.07 19.91+0.13 0.39+0.25 3.19+0.03
CRE 0.06% 59.96+0.02  13.64+0.05 22.12+0.05 0.39+0.41 3.10+0.07
O PIUS  60.174031 13896025 20162008 039024 322+0.14

(CIE) Crude Isoflavones Extract, (BHA) Butylated Hydroxy-Anisol and (CRE) Crude Rosemary Extract.

Table (2): The pH values (mean = S.D) of burger prepared with CIE, BHA and CRE
additives during storage at -18 °C £ 1.

Storage time (month)

Treatment
Zero 1 2 3

Control 6.01 £ 0.07 620 £ 0.05 6192007  627=0.04
BHA 0.01% 6.09 £ 0.10 6.11 £0.02 6124007  6.13+0.22
BHA 0.02% 6.08 + 0.05 6.09 + 0.03 613003  6.15=0.04
CIE 0.01% 6.09 £ 0.10 6.11 £0.02 6124008  6.13+0.02
CIE 0.02% 6.08 + 0.05 6.09 + 0.03 613003  6.15=0.04
CIE 0.03% 6.09 + 0.06 6.10 + 0.04 613008  6.16+0.07
CRE 0.02% 6.00 £ 0.05 6.27 + 0.05 628+0.08  6.26=0.04
CRE 0.04% 6.09 £ 0.06 6.30 + 0.04 6334008  6.26+0.07
CRE 0.06% 6.07 £ 0.10 6.24 + 0.02 622007  623+0.12
CIE 0.02% plus ¢ 3, (95 6.19 + 0.03 623008  6.18+0.14

CRE 0.02%




146

Ghattas, et al.

Table (3): The TBARS values (mean + S.D) of burger prepared with CIE, BHA and

CRE additives during storage at -18°C £ 1.

Storage time (month)

Treatment
Zero 1 2 3
Control 0.31+0.03 1.20+0.05 2.12+0.14 3.23+0.15
BHA 0.01% 0.30+0.11 0.52+0.21 0.68+0.18 0.85+0.13
BHA 0.02% 0.31+0.06 059+0.03 093+0.03 0.97+0.24
CIE 0.01% 0.32+0.14 031+£0.12 0.74+£0.17 1.32+0.12
CIE 0.02% 0.30+0.12 039+£0.03 0.63+0.13 0.95+0.14
CIE 0.03% 0.31+0.06 033+0.11 051+£0.08 0.71 +0.07
CRE 0.02% 0.29+0.05 0.32+0.14 1.08+0.09 2.38+0.22
CRE 0.04% 0.30+0.13 035+0.12 055+0.17 1.75+0.14
CRE 0.06% 0.31+0.11 033+0.04 038+0.07 0.83+0.13
CIE 0.02% plus CRE 0.02% 031+032 036+0.33 056+023 0.96+0.44

TBA values of beef burger samples
increased gradually during frozen storage
and this increase could be attributed to the
oxidation of beef burger lipids and the
formation of some TBA reactive
compounds during the storage period as
reported by Stahnke (1995).

(CIE) Crude Isoflavones Extract, (BHA)
Butylated Hydroxy-Anisol and (CRE)
Crude Rosemary Extract

Cooking Properties
The cooking yield (%)

As shown in Table 4, cooking yield
percentage of beef burger samples
containing BHA at levels of 0.01 and
0.02% is  slightly decreased with
concentration increase. While samples
contain CRE at levels of 0.02, 0.04 and
0.06% were slightly decreased in
comparison to the control sample.

Similar trend was observed with the
addition of CRE plus CIE, frozen storage

decreased the cooking yield with increasing
storage periods. The higher cooking yield
of protein treated samples probably resulted
from an increased number of charged and
polar amino and carboxylic groups due to
peptide cleavage which led to a stronger
protein-water interaction (Abu-Salem et
al., 2014).

The cooking loss (%)

As shown in Table 5, cooking loss
percentage of beef burger samples
containing 0.01 and 0.02% of BHA slightly
increased with increased percentage in
comparison with control. While samples
contain CRE at levels of 0.02, 0.04 and
0.06% slightly increased with increasing
the addition level of CRE than control.

Similar results were observed with the
addition of CRE plus CIE. These results
agree with those reported by Ahmed et al.
(2010), Hegazy (2011) and Abu-Salem et
al. (2014).
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Table (4): The cooking yield % (mean + S.D) of burger prepared with CIE, BHA and
CRE additives during storage at — 18°C = 1.

Storage (month)
Treatment
Zero 1 2 3

Control 80.31+0.13 78.20+0.15 74.53 £0.24 73.23+0.19
BHA 0.01% 81.51 £0.21 79.70 £ 0.25 75.53+£0.24 72.73 £0.16
BHA 0.02% 80.81+0.11 78.90 £0.14 76.83 +£0.24 74.89 +£0.22
CIE 0.01% 84.52 £0.24 83.37+0.17 79.74 + 0.37 76.32 +0.32
CIE 0.02% 85.36+0.17 84.89 £ 0.13 80.63 £0.13 78.95 +£0.34
CIE 0.03% 88.67 £0.26 86.43 +0.31 83.51 £0.18 81.74 +£0.17
CRE 0.02% 81.29+£0.15 80.32+0.10 76.38 £ 0.09 73.38 £0.22
CRE 0.04% 80.93 £0.12 79.45 +£0.12 75.55+0.17 72.75+£0.14
CRE 0.06% 82.11 £0.21 81.33+0.04 77.38 £0.07 76.83 £0.13
CI(":ZROEOZOO./(‘;Z},’AI)“S 83.46+047  82.69+053 7994027  77.98+0.44

Table (5): The cooking loss % (mean £+ S.D) of burger prepared with CIE, BHA and
CRE additives during storage at -18 °C £+ 1.

Storage time (month)

Treatment
Zero 1 2 3

Control 19702015 21802015  2548-0.14  26780.16
BHA 0.01%  1888=0.11  2031+0.15  2447£026  27.28+0.26
BHA 0.02% 1920021 21024012 23174021  28.12+0.12
CIE0.01%  1648+024  1667+0.15  2026+032  23.68+022
CIE0.02% 15744017 15114012 19374013  21.05+035
CIE0.03%  1243:023 13572021  1649+0.14  18.46+0.18
CRE 0.02% 18714025 19684012 23624017  26.62+0.12
CRE 0.04%  19.07£022  2055+0.16  2445+£023  27.25+0.18
CRE 0.06%  17.89+4023 18674008 22624017  23.17+0.13
CIE 0.02% 1684017  1581+032  2067=0.13  23.45+0.25

plus CRE0.02%
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Meat products usually used soy proteins
to enhance the products functional
characteristics, reducing cooking loss and
improving slice ability. The current results
showed that the CIE additive treatments
increased the cooking yield and effectively
reduced the cooking loss. These results
agree with those reported previously by
Abu-Salem et al. (2014).

The Shrinkage (%)

As shown in Table 6, the diameter of all
samples decreased after cooking, from
25.44% to 14.89%. There was a less surface
shrinkage of the burger made with CIE
additive, surface shrinkage percentage of beef burger
samples increased linearly for all beef burger
samples during frozen storage, but it was
more obvious in control sample than other
treated samples containing CIE, BHA and
CRE additives.

These results agree with the results
reported by Sharaf ez al. (2009); Ahmed et
al. (2010); Hegazy (2011) and Abu-Salem
et al. (2014).

(CIE) Crude Isoflavones Extract, (BHA)
Butylated Hydroxy-Anisol and (CRE)
Crude Rosemary Extract

The Texture

As shown in Table 7, texture values of
beef burger samples decreased linearly for
all beef burger samples during frozen
storage, but it was more evident in control
sample than other treated samples
containing CIE. Slight differences were
observed among treatments with BHA and
CRE additives. However, the treatment
with CRE had the lowest texture score,
which may be due to the high amount of
soluble fiber in the CRE (19.07 increased to
27.25g/100g sample). Soluble fibers bind to
water and form gels, which may have given
some elasticity and resistance to chewing,
affecting negatively the texture of the
burger, these results agree with previous
results reported by Sharaf et al. (2009),
Ahmed et al. (2010), Hegazy (2011), Abu-
Salem et al. (2014) and Subhani (2014).

(CIE) Crude Isoflavones Extract, (BHA)
Butylated Hydroxy-Anisol and (CRE)
Crude Rosemary Extract

Microbiological Evaluation

The results presented in Table 8 show
the microbiological examination of burgers
during storage period. Generally, the
addition of different levels of CIE, CRE,
BHA and CIE plus CRE slowed a decrease
in the bacterial growth during the storage
period and this decrease has increased with
the increase of CIE, CRE, BHA and CIE
plus CRE concentrations. The microbiological
quality of meat products as purchased by
the consumer is relied on a number of
factors, such as the quality of the raw
materials, other materials used or added
during processing operations to the
products as extraneous contaminants,
sanitation during processing and packaging.
At concentration of 0.01, 0.02 and 0.03%,
CIE and 0.02, 0.04 and 0.06 % of CR) and
CIE plus CRE reduced all the microbial
groups (Total bacterial count, coliform,
Staphylococcus aureus,) counts in the
samples, these results are in agreement with
previous results reported by (Dorman and
Hiltunen, 2000; Ahmed, ef al.,, 2010 and
Abu-Salem et al., 2014).

Total Bacterial Count (TBC)

Total bacterial count (TBC) was
decreased from 5.58 to 3.53 log;o CFU/g in
samples contain 0.03% of CIE in
comparison to the control sample (Table 8).
The TBC log;o CFU/g of samples that have
0.06% CRE showed a decrease in microbial
counts from 5.65 to 4.12 log;o CFU/g by
the end of storage period. On the other
hand, BHA concentrations (0.01 and
0.02%) showed a slight decrease in
bacterial count even  with  high
concentrations by the end of storage time in
comparison with the samples contain CIE,
CRE and CIE plus CRE. These results
agree with those reported by Dorman and
Hiltunen (2000), Ahmed et al. (2010) and
Abu-Salem et al. (2014).
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Table (6): The shrinkage percentage (mean = S.D) of burger prepared with CIE, BHA
and CRE additives during storage at -18 °C %1.

Storage time (month)

Treatment Zero 1 ) 3
Control 20.20 + 1.35 22.50+2.15 2343+ 1.14 25.18 £2.16
BHA 0.01% 21.10+1.34 22,60+ 1.15 23.23+2.13 24.84+2.15
BHA 0.02% 20.40 + 1.45 21.90 +£2.35 23.63+1.44 25.38 £2.32
CIE 0.01% 20.62 +1.22 2220+ 1.34 2323+ 1.14 2528 £1.42
CIE 0.02% 18.50 £ 1.25 19.42+2.23 20.23 £ 1.45 22.58 £1.36
CIE 0.03% 14.89 + 1.31 15.84 £2.45 16.22 £2.21 17.85+£2.26
CRE 0.02% 20.56 £ 1.24 21.80+£2.15 24.20+2.33 25.44 £2.35
CRE 0.04% 21.20+1.15 22.30+£2.32 2343 +1.44 24.94 +£1.42
CRE 0.06% 20.32 +£1.22 22.24 £ 1.75 2322+2.21 2525+ 1.19
CIE 0.02% plus CRE 0.02% 19.24 £ 1.37 20.83 £2.32 21.67+£2.18 23.55+2.25

additives during storage at-18 °C £ 1.

Table (7): The texture values (mean £ S.D) of burger prepared with CIE, BHA and CRE

Storage time (month)

Treatment
Zero 1 2 3

Control 22.60+1.45 19.70 £ 2.35 1548 +1.44 15.78 £2.16
BHA 0.01% 23.34+2.32 18.80 +£2.25 14.88 £2.45 16.18 +2.46
BHA 0.02% 22.63 = 1.47 19.25+2.33 1533 £1.37 14.88 +2.14
CIE 0.01% 18.48 +£2.24 15.67+2.15 1226 £2.32 07.68 +£2.22
CIE 0.02% 18.64 +2.17 16.31 £ 1.62 13.37+£2.13 09.05+2.35
CIE 0.03% 2043 +£2.23 17.57+2.21 18.49+2.14 1046 +£2.18
CRE 0.02% 18.71 +£1.25 19.68 £ 1.12 23.62+1.17 26.62+2.12
CRE 0.04% 19.07 +£2.22 20.55+2.16 2445+ 1.23 27.25+2.18
CRE 0.06% 17.89+1.23 18.67+£2.18 22.62+2.17 23.17+1.13
CIE 0.02% plus CRE 0.02% 18.78 £2.17 21.55+2.26 19.75+£1.23 16.71 +1.42
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Table (8): Effect of CIE, BHA and CRE additives on total bacterial count (log
CFU/gm) of burger during frozen storage period (mean £ S.D).

Storage time (month)

Treatment

Zero 1 2 3

Control 586+0.25 5.72+£0.15 457+035 454+0.22
BHA 0.01% 5.87+0.32 5.78+0.23 486+032 4.56=+0.23
BHA 0.02% 586+0.14 5.73+£0.15 487+0.21 4.57+0.12
CIE 0.01% 5.75+0.31 5.64+0.13 470+041 4.23+0.07
CIE 0.02% 5.63+0.23 5.66+0.22 455+0.13 4.13+0.25
CIE 0.03% 5.58+0.31 4.75+0.32 439+0.15 3.53+0.17
CRE 0.02% 5.67+0.25 556 £0.12 475+0.17 442+0.12
CRE 0.04% 5.68+0.21 556 £0.21 4.64+0.23 432 +0.32
CRE 0.06% 565025 4.69+0.25 456+024 4.12+0.22
CIE 0.02% plus CRE 0.02% 5.75+033 565+031 4.72+0.15 4.24+032

Coliform Group

Generally, the addition of different
levels of CIE, CRE, BHA and CIE plus
CRE showed a decrease in the bacterial
growth over the storage period and this
reduction was increased with the increase
of used concentrations of additives (Table
9). Results agree with those reported by
previous studies (Dorman and Hiltunen,
2000; Ahmed et al., 2010; Abu-Salem et
al., 2014).

E. coli

As  previously  described,  high
concentrations of CIE, CRE, BHA and CIE
plus CRE reduced the numbers of E. coli in
treated samples during the storage period.
The numbers of E. coli were reduced from
1.49 to 0.74 logio CFU/g by the end of
storage time in control sample. While
storage period affected the microbial count
in all samples and the highest reduction rate
of E. coli (from 1.29 to Nil log;o CFU/g
was observed in samples treated with
0.03% of CIE. Similar results were
observed with CRE which decreased the E.
coli count from 1.36 log;y CFU/g to

undetectable limit during the first month
and the same was observed with samples
treated with CIE plus CRE (from 1.27 to
Nil logjo CFU/g) by the second month of
storage followed by samples treated with
BHA from 1.45 log,y CFU/g to
undetectable limit at the third month only
after three months of storage (Table 10).
These results agree with those reported by
(Dorman and Hiltunen (2000); Ahmed et
al. (2010); Osama A. and Kassem (2011)
and Abu-Salem et al., (2014).

Staphylococcus Aureus

The results in Table 11 presented the
numbers of S. aureus in all treatments
including control. It was clear that, the
addition of different concentrations of CIE,
CRE, BHA and CIE plus CRE reduced the
numbers of S. aureus during storage period
and this reduction was increased with the
use of high concentrations of additives.
Staphylococcus aureus is reduced from
2.28 to 1.54 log;y CFU/g at the end of
storage in control sample and this may be
due to the effect of storing temperature
while samples treated with BHA showed a
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Table (9): Effect of CIE, BHA and CRE additives on coliform count (log;o CFU/gm) of
burger during frozen storage period at — 18°C (mean % S.D).

Storage time at — 18°C

Treatment

Zero 1 2 3

Control 3.39+0.12 3.35+0.15 2.36+0.37 2.394+0.32
BHA 0.01% 3.35+£0.32 3.34+0.14 2.26+0.35 2.44 4+ 0.08
BHA 0.02% 3.33+£0.12 3.32+045 2.27+0.32 2.244+0.32
CIE 0.01% 3.15+0.21 3.24+0.14 2.27+0.31 2.17£0.12
CIE 0.02% 3.13+£0.11 2.234+0.22 2.14+0.24 1.05+0.23
CIE 0.03% 3.16 £ 0.31 2.14+0.12 2.07+0.15 1.02+0.17
CRE 0.02% 3.37+0.25 2.47+0.21 2.27+0.31 2.144+0.12
CRE 0.04% 3.27+0.21 2.38+0.16 2.25+0.24 1.20+0.23
CRE 0.06% 3.34+0.23 2.27+0.31 2.23+0.35 1.07£0.18

CIE 0.02% plus

CRE 0.02(1;0 3.26+041 2.37+042 2.294+0.34 1.18+0.43

Table (10): Effect of CIE, BHA and CRE additives on E. coli (log;o CFU/g) of burger
during frozen storage period at — 18°C (mean £ S.D).

Storage time (month)

Treatment
Zero 1 2 3

Control 149+0.42 1.48+0.23 1.00£0.35 0.74+0.15

BHA 0.01% 1.52+0.55 1.49+0.23 1.02+0.27 0.75+0.15

BHA 0.02% 1.44+0.52 135+0.23 1.00£0.55 0.72+0.15
CIE 0.01% 1.34+031 1.29+0.15 1.01 £0.21 Nil
CIE 0.02% 1.32+0.31 0.77+0.12 Nil Nil
CIE 0.03% 1.29+0.41 Nil Nil Nil
CRE 0.02% 1.45+0.31 0.82+0.15 Nil Nil
CRE 0.04% 1.34+0.31 0.63+0.12 Nil Nil
CRE 0.06% 1.36 £ 0.41 Nil Nil Nil
CIE 0.02% plus CRE 0.02% 1.27+0.21 0.57+0.32 Nil Nil
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Table (11): Effect of CIE, BHA and CRE additives on Staphylococcus aureus (logio
CFU/g) of burger during frozen storage period at — 18°C (mean = S.D).

Treatment

Storage time (month)

Zero 1 2 3

Control 228+0.12 2.52+0.23 1.79+0.25 1.54+0.42
BHA 0.01% 235+0.15 2.41+0.23 1.68+0.27 1.57+0.33
BHA 0.02% 2.23+0.52 2.51+0.23 1.71+£0.35 1.48+0.42
CIE 0.01% 220+0.21 2.12+0.15 1.12+0.21 1.04+0.32
CIE 0.02% 2.16 £0.31 1.84+0.12 1.07+023 1.02+0.23
CIE 0.03% 2.11+041 1.32+0.12 1.02+0.15 1.00=+0.13
CRE 0.02% 227+0.31 2.31+0.13 1.54+0.16 143+0.33
CRE 0.04% 2.18+0.23 2.14+0.13 1.47+033 1.28+0.15
CRE 0.06% 2.09+£0.21 1.89+0.16 142+0.13 1.27+0.22
CIE 0.02% plus CRE 0.02% 2.20+£0.45 1.97+0.22 1.23+0.35 1.04+0.33

decrease by the end of storage period. The
highest reduction rate (from 2.11 to 1.00
logl0 CFU/g) was observed in the samples
treated with 0.03% CIE in comparison to
samples treated with CRE which showed a
decrease (from 2.09 to 1.27 logl0 CFU/g
followed by samples treated with BHA
from 2.21 to 1.56 log10 CFU/g.

The control sample decreased from 2.28
at zero time to reach 1.54 logl0 CFU/g at
the end of storage period (Table 11). These
results agree with those reported by others
Dorman and Hiltunen (2000); Ahmed et
al. (2010); Haé-Szymanczuk (2011); Abu-
Salem et al. (2014).

(CIE) Crude Isoflavones Extract, (BHA)
Butylated Hydroxy-Anisol and (CRE)
Crude Rosemary Extract

Color measurements

The redness color decreased for samples
treated with CIE, CRE, BHA and CIE plus
CRE during the storage period in
comparison with control samples. All the
treatments had effect on decreasing the red
color of the beef burger except CRE. This
reduction in a* values and L* values might
be due to oxygenation of meat myoglobin
Table 12. These results agree with those

reported by Haé-Szymanczuk (2011), and
Abu-Salem et al. (2014).

Overall Acceptability

As show in table 13 the overall
acceptability decreased from 6.57 to 5.78
for control samples (without any additives),
while it decreased from 6.77 to 5.88 in
samples treated with BHA. It is also
decreased from 7.77 to 5.28 in samples
treated with CIE and from 7.52 to 6.28 in
samples treated with CRE. Overall
acceptability also decreased from 7.78to
6.78 in samples treated with CIE plus CRE
(Table 13). These results agree with those
reported by Ahmed et al., (2010), Ha¢-
Szymanczuk (2011), Kenawi ez al. (2011),
Hussein et al. (2012), Sahari ef al. (2013)
and Abu-Salem et al. (2014).

Conclusion

The results showed that all samples
treated with crude isoflavones extract
(CIE), showed strong antioxidant and
antimicrobial  properties. The results
showed that extracts derived from crude
rosemary leaves extract (CRE) had the
potential to reduce the oxidation of beef
burger and extend their shelf life. The
combined extracts between (CIE) and (CRE)
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Table (12): The effect of CIE, BHA and CRE additives on L*, a*and b*values (color) of
burger during frozen storage period at -18°C.

Storage time (month)

Treatment Zero 1 2 3
L* a* b* L* a* b* L* a* b* L* a* b*
Control 60.12 6.39 2096 59.74 1052 2236 6145 642 2125 6057 585 18.83
BHA 0.01% 56.12 7.76 2095 5896 8.78 22.14 60.16 682 20.74 59.69 586 18.55
BHA 0.02% 57.89 7.89 2024 60.79 10.67 21.13 5981 6.52 20.76 5839 697 19.63
CIE 0.01% 60.12 6.39 2096 5795 9.19 2136 5943 6.15 21.06 59.56 5.75 20.31
CIE 0.02% 59.72 6.34 2126 58.65 829 2224 6154 533 21.16 5874 570 20.11
CIE 0.03% 59.68 6.53 21.72 5991 813 2218 5886 6.53 2176 589 590 21.14
CRE 0.02% 59.15 7.86 2032 5762 869 2246 59.83 9.05 21.75 59.66 7.76 19.61
CRE 0.04% 58.76 8.25 2096 59.67 929 2284 6154 863 2236 6064 880 19.15
CRE 0.06% 56.87 838 2132 6041 973 21.78 6046 873 2242 6193 850 2024
CIE 0.02%
plus CRE 5749 748 2042 5896 875 2252 6134 752 2153 59.65 7.67 20.34
0.02%

The L* value was a measure of darkness on a scale from 0 (lightest) to 100 (darkest). The * value measures red
to green color, and the b* value measures yellow to blue color. The data was collected, transferred to an Excel
file, and analyzed.

Table (13). The effect of CIE, BHA and CRE additives on sensory evaluation (the
overall acceptability) of burger during frozen storage period at — 18°C
(mean £ S.D).

Storage time (month)

CRE 0.02%

Treatment Zero 1 5 3

Control 6.57 £ 0.32 624+ 043 604031 5.78£052
BHA 0.01% 632+022 627 031 6142052 598:022
BHA 0.02% 6.77+ 036 634+ 0.43 622-051  5.88£0.15
CIE 0.01% 7.82+ 026 734+ 045 6.78- 034  638£022
CIE 0.02% 777032 720+ 023 6331021 620£052
CIE 0.03% 6.52+ 032 5.03+ 043 5741026 528:0.14
CRE 0.02% 752027 714+ 0.45 645- 034  630£022
CRE 0.04% 757+ 022 724023 653021 640+025
CRE 0.06% 752+ 0.42 6.63=0.43 644-023 628014
CIE 0.02% plus 555, 3¢ 6.324 0.43 6312051  6.28+0.56
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showed in addition some antibacterial
activity that led also to a significant extension
of beef burger shelf life. The availability of
these natural antioxidants and their possible
co antioxidant or synergistic effects
suggests an interesting way of improving
beef burger stability and preventing
degenerative diseases caused by fat
oxidation products.
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