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ABSTRACT

In the current study, the antibacterial and antioxidant effects of three formulated alginate-
based edible coats on refrigerated beef were investigated. The formulated coats included 2
organic acids (OAs) based (T1 and T2) and one nisin-OAs based (T3). Control and coated
beef slices were sampled immediately (zero time) and then periodically for 15 days of storage
at 1°C. The antibacterial effects of coating were assessed by aerobic plate count (APC),
Enterobacteriaceae and coliforms count. Peroxide value (POV) and catalase (CAT) activity
were applied as indexes of oxidation. Moreover, the cupper sulphate test and pH were used as
freshness indexes. The coats appeared efficient antibacterials. By coating, APC didn't exceed
6 log cfu/g 15 for days of storage with OAs-based coats more significant. T1 and T2 were
more effective against enteric bacteria where the load of Enterobacteriaceae and coliforms
were reduced to undetectable levels for 15 days. The coats also successfully functioned as
antioxidants. POV of coated slices significantly reduced where their values were 2.27, 1.87,
2.27 and 2.20 (meqg/kg) for control, T1, T2 and T3, respectively after 15 days of storage.
Nisin-OAs-based coats appeared the most antioxidant defense mechanism in stored beef
where CAT levels were 0.005, 0.010, 0.007 and 0.044 U/g for control, T1, T2 and T3,
respectively at end of 15 days of storage. According to freshness indexes, coated slices
continued fresh for at least 3 days in excess to control with nisin-OAs coating the most
effective. The obtained data indicate that studied coats can be effectively applied to improve
the marketability of beef and preserve its quality.
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Fresh meat products are commonly displayed at
refrigerated temperatures (2-5 °C). However,
many undesirable changes in the products can
occur during refrigeration due to microbial
proliferation and lipid oxidation resulting in
quality deterioration, spoilage, and economic
loss (Gheisari, 2011). Therefore, meat industry
asks for methods to make meat safe for
consumers concerning stability, transport and
storage. Emerging preservation technologies
such as the edible coating can serve to preserve
the quality at these points.

Edible coats are single or multiple layers of a
material that is applied to the surface of a food
product and consumed as a part of it (Oussalah
et al., 2007). In case of fresh meat, the edible
coating is an advanced technological protection
approach that maintains its quality and safety
without the use of any synthetic chemical
additives (Baldwin et al., 2011)

Practically, besides their barrier properties,
edible coats can be used as carriers of
functional ingredients such as antimicrobials
and antioxidants (Bhagath and Manjula, 2019).
Carbohydrates (alginates, starch, carrageenan)
based edible coatings are of high interest,
(Vanzela et al., 2013). They can provide an
advanced food protection approach to satisfy
the customer requirements (Baldwin et al.,
2011). Of this group, alginate is the most
material of interest for edible coatings. It is a
naturally occurring polysaccharide used in the
bio-industry (et al., 2018). Also, it is commonly
available, simple to manipulate, low cost
(Abdallah et al., 2018) and classified and
generally regarded as safe material (FDA,
2018).

The Egyptian meat markets are in need of
recent methods of beef marketing alternative to
the traditional methods. So this study aims to
evaluate the effect of different formulations of
edible coats on their antibacterial and
antioxidant activity on cold-stored beef.

MATERIALS AND METHODS

Preparation of beef slices

Fresh meat was obtained from the Local
Mankabad slaughterhouse, Assiut Upper Egypt.
With slight modification to (Dorsa et al., 1998),
the longissimus dorsi muscle was aseptically
excised and transported under cooling in an
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insulated tank to the laboratory. At the
laboratory, the top, bottom and sides of the
muscle and adipose tissue were removed and
the interior portion was used to prepare enough
numbers of beef slices with a thickness of 5 mm
then portioned into pieces with a dimension of
10x10 cm (each weighing 50 g)

Preparation of
solutions

The preparation of Na-alginate edible films was
performed with modification to that previously
described by Kapetanakou et al. (2016) and
Alexanyan et al. (2014). Briefly, 2.5 g of Na-
alginate (AVI-Chem. Laboratories, India) was
added gradually to 100 mL of pre-warmed (65
°C) distilled sterile water and constantly
agitated till complete dissolution. An amount of
1 ml glycerol was used as a plasticizer in order
to improve the film’s flexibility. After the
addition of the glycerol, the forming solution
was kept at 4 °C for approximately 30 min to
lower the temperature. Then sodium chloride
0.15% and citric acid 0.1 % were added and
that represents treatment 1 (T1). Treatment 2
(T2) contained the same ingredients of T1 plus
acetic acid 0.1%. Treatment 3 (T3) contained
the same ingredients of T1 plus nisin
(100pg/ml). The prepared solution was clear
colourless to slight yellowish. Their pH values
were 5, 34 and 3.4 for T1l, T2 and T3,
respectively.

alginate-based  dipping

Application of treatments

Meat pieces were divided into four groups.
Group 1 was packaged in plastic bags and
sampled for zero time then refrigerated
(control). Other three groups were dipped
separately in T1, T2 or T3 solutions. Dipped
pieces were drained for 1 min in sterile Petri
plates. Then dipped in calcium chloride 2%
solution to fix the coat and drained for 1min.
Treated pieces were packaged separately in
plastic bags and sampled for zero time then
refrigerated at 1°C as recommended by (ESO,
2013). Refrigerated control and treated samples
were sampled after 1, 2, 3,4, 5,6,7,9, 11, 13
and 15 days. At each sampling period, samples
were analyzed for their bacteriological and
chemical qualities.

1. Bacteriological analysis

1. 1. Preparation of samples

Ten grams sample was transferred to a
stomacher bag charged with 90 ml of buffered
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peptone water (BPW) and pummeled in a
stomacher for 1min to obtain a dilution of 1/10,
then decimal dilutions were prepared using
BPW.

1. 2. Enumeration procedures

1.2.1. Aerobic plate count (APC)

Following procedures of (FAO, 1992), 1ml
from each of the previously prepared dilutions
were transferred into each of the marked sterile
Petri-plates and thoroughly mixed with about
15 ml of previously melted and cooled (45 +
1°C) standard plate count agar. After
solidification, the inoculated plates were
inverted and incubated at 35°C for 48h. Plates
with 25-250 colonies were selected and
counted. The APC was calculated and
expressed as cfu/g of the sample.

1.2.2. Enterobacteriaceae and coliforms count
Following Herrera (2001), plates in duplicates
were inoculated with one ml from the already
prepared dilutions and mixed with 10 ml of
violet red bile glucose (VRBG) agar tempered
at 45°C + 1°C. After solidification, the plates
were overlaid by pouring 5 ml of the same
media. Inoculated plates were incubated at
37°C for 24h. All colonies characterized by red-
purple color and surrounded by a zone of
precipitated bile were counted and recorded as
total Enterobacteriaceae count/g. Colonies on
VRBG were after that inoculated onto tubes of
brilliant green bile broth tubes with inverted
Durham’s tubes and incubate at 35°C for 24 h.
Colonies producing gas were confirmed as
coliforms organisms. The number of coliforms
organisms per gram of sample was calculated.

2. Chemical analysis

2.1. Determination of pH

As recommended by JanuSkeviCiené et al.
(2012), 5 g of minced sample was mixed with
50 ml distilled water in a conical flask and left
for 30 minutes with periodical stirring then
filtered using Whatman filter paper. The pH of
the filtrate was assessed using an electrode of a
pH-meter standardized by pH 4 and 7 buffers.

2.2 . Cupper sulphate test

As described by AOAC (2012), 20 g sample
was minced and transferred to a conical flask.
Then 60 ml of distilled water was added and
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thoroughly mixed, sealed with a glass cap and
heated in a water bath (80 °C) for 10 min. The
hot broth was cooled and filtered through a pad
of cotton wool. A volume of 2 ml of the filtrate
was poured into a test tube and 3 drops of a 5%
solution of cupper sulphate were added. The
tube was shaken and the results of the reaction
were noted. The interpretation of results was
evaluated according to Januskevic¢iené et al.
(2012) where the score of zero corresponds
clear or slightly cloudy (fresh), a score of 3 was
given if flakes formed (suspected) and a score
of 4 indicates bluish or greenish flakes and
sediments (spoiled).

2.3. Peroxide Value (POV)

Following the procedures of Sallam et al.
(2004), a 3g sample was transferred to a 250 ml
Erlenmeyer flask with a glass stopper. To melt
fat, the flak charged with the sample was heated
for 3 min at 60°C in a water bath. Then the
contents of the flask were thoroughly agitated
for 3 min with 30 ml acetic acid chloroform
solution (3:2 v/v) to dissolve the fat. Beef
particles were excluded by filtering the contents
of the flask through Whatman filter paper No.1.
Saturated potassium iodide solution (0.5 ml)
and starch solution (0.5 ml) as indicators were
added to the filtrate. The filtrate was titrated
against a standard solution of sodium
thiosulfate until the color disappeared. POV
was calculated by the following equation and
expressed as milli equivalent (meq) peroxide/kg
sample.

POV (meq/ kg) = [(S x N) / W] x 100

Where (S) is the volume of titration (ml), (N) is
the normality of sodium thiosulfate solution
(N=0.01) and (W) is the sample weight (g).

2.4. Catalase (CAT) activity

Catalase activity was determined by measuring
the decrease in hydrogen peroxide (H20-)
indicated by a decrease in absorbance at 510 nm
according to the colorimetric method described
by Aebi (1984). Catalase assay Kits
(Biodiagnostic)  were used following
manufacture instruction directions. Catalase
activity (U/g) =

(Absorbance standard —Absorbance sample) /
Absorbance standard x 1/ g tissue assayed
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RESULTS
Table 1: Influence of alginate-based films on aerobic plate count (APC) during refrigerated
storage (1°C).
APC log cfulg
Days Control T1 T2 T3
Mean Mean sD p Mean sD p Mean sD p
values values value values value values value
Zeroday 45 0080 <1 0.000 0001 <1 0.000 0.000 <1 0.000 0.001
1 st day 45 0053 30 0170 0.000 40 0170 0.002 3.0 0.170 0.001
2ndday 46 0029 36 0.080 0001 45 0136 0.14 3.3 0.080 0.001
3 rd day 46 0038 37 0113 0.001 45 0136 0171 34 0.075 0.001
4 th day 47 0038 38 0100 0.001 46 0170 0299 3.6 0.091 0.001
5 th day 48 0031 38 0060 0.000 47 0175 0188 3.7 0.080 0.001
6 th day 50 0100 4.0 0100 0.001 50 0179 0.962 40 0.246 0.001
7 th day 6.0 0100 45 0118 0.001 50 0.237 0.001 45 0312 0.001
9 th day 69 0130 55 0111 0001 53 0175 0.001 45 0336 0.001
11thday 70 0173 53 04153 0001 55 0225 0.001 52 0.238 0.001
13thday 72 0042 55 0182 0001 55 0225 0.001 54 0.166 0.001
15thday 75 0026 6.0 0182 0001 59 0154 0.001 56 0.166 0.001

T1: Basal film plus citric acid (0.1%), T2: Basal film plus citric acid (0.1%) and acetic acid
(0.1%), T3: Basal film plus citric acid (0.1%) and nisin (100ug/ml).

Table 2: Influence of alginate-based films on Enterobacteriaceae count during refrigerated

storage (1°C).
Enterobacteriaceae log cfu/g
Days Control T1 T2 T3

\I/\gﬁ?er; b \I/\gﬁ?eg SD vallaue \'/\gft?eg b vaFIJue \'/\glejeg SD va?ue
Zeroday 1.0 0032 <1 0.000 0001 <1 0.000 0001 <1 0.000 0.001
1 st day 15 0.155 <1 0.000 0.001 <1 0.000 0.001 1.0 0.020 0.001
2ndday 19 0303 <1 0.000 0001 <1 0.000 0.001 1.0 0.020 0.001
3rdday 2.7 0254 <1 0.000 0001 <1 0.000 0.001 23 0169 0.012
4 th day 2.7 0250 <1 0.000 0001 <1 0.000 0.001 23 0.168 0.012
5 th day 2.8 0230 <1 0.000 0001 <1 0.000 0.001 26 0.180 0.208
6 th day 3.3 0.153 <1 0.000 0001 <1 0.000 0.001 2.7 0.180 0.001
7 th day 3.3 0.115 <1 0.000 0001 <1 0.000 0.001 28 0.190 0.001
9 th day 3.4 0.095 <1 0.000 0001 <1 0.000 0.001 3.0 0.205 0.005
11thday 3.7 0391 <1 0.000 0001 <1 0.000 0.001 3.3 0.250 0.046
13thday 3.7 0366 <1 0.000 0001 <1 0.000 0.001 345 0.274 0.186
15thday 4.0 0431 <1 0.000 0.001 17 0.241 0.001 3.48 0.270 0.051

T1: Basal film plus citric acid (0.1%), T2: Basal film plus citric acid (0.1%) and acetic acid
(0.1%), T3: Basal film plus citric acid (0.1%) and nisin (100ug/ml).
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Table 3: Influence of alginate-based films on Coliforms count during refrigerated storage
(1°C).
Coliforms log cfu/g
Days Control T1 T2 T3

Mean Mean p Mean p Mean p
values values value values value values value
Zeroday <1 0000 <1 0.000 0.001 <1 0000 0001 <1 0.000 0.001
1 st day <1 0000 <1 0.000 0001 <1 0.000 0.001 <1 0.000 0.001
2 nd day 1.6 0159 <1 0.000 0.001 <1 0000 0001 10 0.031 0.001
3 rd day 23 0100 <1 0000 0.001 <1 0000 0001 22 0.09 0.114
4 th day 25 008 <1 0000 0.001 <1 0000 0001 23 0.115 0.015
5 th day 25 0.085 2.0 0.068 0.001 <1 0.000 0.001 24 0110 0.129
6 th day 3.0 0.105 2.0 0.068 0.001 <1 0.000 0.001 25 0123 0.001
7 th day 31 0150 <1 0000 0.001 <1 0.000 0.001 25 0.129 0.001
9 th day 3.3 0.121 <1 0.000 0.001 <1 0.000 0.001 2.7 0.086 0.001
1l1thday 36 0278 <1 0000 0.001 <1 0.000 0.001 3.0 0.136 0.002
13 th day 3.6 0.306 <1 0.000 0.001 <1 0.000 0.001 3.1 0.150 0.006
15 th day 3.8 0.285 <1 0.000 0.001 1.7 0.247 0.001 3.2 0.150 0.005

T1: Basal film plus citric acid (0.1%), T2: Basal film plus citric acid (0.1%) and acetic acid
(0.1%), T3: Basal film plus citric acid (0.1%) and nisin (100ug/ml).

Table 4: Influence of alginate-based films on pH during refrigerated storage (1°C).

pH
Days Control T1 T2 T3

Mean Mean sD p Mean p Mean p

values values value values value values value
Zero day 55 0.085 53 0.015 0.003 52 0.015 0.001 52 0.076 0.001
1 st day 55 0.081 53 0.015 0.002 52 0.025 0.001 53 0.046 0.001
2 nd day 57 0.150 55 0.046 0.043 54 0.057 0.007 55 0111 0.046
3 rd day 57 0.155 56 0.096 0.329 55 0.115 0.098 5 0.095 0.001
4 th day 56  0.191 56 0.105 0.872 55 0125 0631 55 0.153 0.460
5 th day 57 0204 56 0115 0.639 56 0.155 0463 55 0149 0.211
6 th day 58 0.150 58 0.150 1.000 57 0157 0528 58 0.136 0.979
7 th day 58 0.145 56 0.161 0.257 56 0176 0.257 55 0.197 0.092
9 th day 6 0.100 54 0.265 0.005 56 0171 0.041 55 0.191 0.017
11 th day 6.1 0.050 55 0.180 0.001 55 0121 0.001 55 0185 0.001
13 th day 6.3 0.180 55 0.179 0.001 55 0111 0.001 56 0.212 0.001
15 th day 6.3 0.180 6.1 0.161 0.166 6 0.181 0.066 5.8 0.151 0.007

T1: Basal film plus citric acid (0.1%), T2: Basal film plus citric acid (0.1%) and acetic acid
(0.1%), T3: Basal film plus citric acid (0.1%) and nisin (100ug/ml).
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Table 5: Influence of alginate-based films on Peroxide value during refrigerated storage
(1°C).
Peroxide value (meqg/kg)
Days Control T1 T2 T3

Mean Mean p Mean p Mean p
values values value values value values value
Zeroday 05 0.029 020 0.013 0.001 023 0.017 0.001 0.33 0.017 0.001
lstday 083 0.030 0.33 0.027 0.001 040 0.006 0.001 0.33 0.016 0.001
2ndday 097 0.029 073 0.054 0.001 0.87 0.044 0.025 040 0.037 0.001
3 rd day 1.0 0.08 080 0.095 0.006 1.03 0.108 0.639 0.80 0.037 0.005
4thday 117 0151 080 0.095 0.012 1.00 0.064 0.160 1.07 0.202 0.419
5 th day 127 0150 083 0077 0.005 150 0.166 0.070 1.00 0.148 0.049
6 th day 1.2 0111 150 0.165 0.066 1.67 0.206 0.010 150 0.175 0.064
7 th day 20 0171 160 0156 0.016 187 0.151 0334 160 0.165 0.015
9 th day 203 0050 177 015 0.031 200 0.083 0.798 180 0.165 0.048
11thday 214 0134 180 0.108 0.005 2.03 0.068 0.274 189 0.105 0.021
13thday 223 0.107 184 0093 0.001 220 0.106 0.763 2.00 0.015 0.016
15thday 257 0173 187 0.078 0.001 227 0.117 0.037 220 0.185 0.014

T1: Basal film plus citric acid (0.1%), T2: Basal film plus citric acid (0.1%) and acetic acid
(0.1%), T3: Basal film plus citric acid (0.1%) and nisin (100ug/ml).

Table 6: Influence of alginate-based films on catalase during refrigerated storage (1°C).

Catalase U /g

Days Control T1 T2 T3

\I/\z/lilejer; SD xfjeg SD vallaue \I/\gfjeg SD vaFIJue \'/\glet?eg SD vaFI)ue
Zeroday 0.072 0.008 0.164 0.003 0.001 0.172 0.001 0.001 0.259 0.010 0.001
lstday 0.171 0.010 0.160 0.004 0.149 0.141 0.002 0.002 0.180 0.013 0.231
2ndday 0.130 0.007 0.159 0.001 0.001 0.136 0.004 0.655 0.167 0.010 0.001
3rdday 0.108 0.002 0.139 0.001 0.001 0.123 0.003 0.001 0.153 0.005 0.001
4thday 0.106 0.001 0.116 0.003 0.003 0.119 0.005 0.001 0.142 0.002 0.001
5thday 0.084 0.006 0.086 0.002 0.558 0.100 0.002 0.001 0.139 0.001 0.001
6thday 0.070 0.005 0.076 0.002 0.187 0.081 0.001 0.005 0.134 0.002 0.001
7thday 0.040 0.002 0.040 0.002 0.500 0.056 0.003 0.001 0.080 0.003 0.001
9thday 0.017 0.001 0.037 0.003 0.001 0.056 0.003 0.001 0.080 0.003 0.001
11thday 0.017 0.002 0.021 0.002 0.026 0.02 0.002 0.104 0.070 0.002 0.001
13thday 0.011 0.002 0.011 0.002 0.681 0.015 0.003 0.024 0.068 0.001 0.001
15thday 0.005 0.001 0.010 0.002 0.002 0.007 0.001 0.128 0.044 0.002 0.001
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Table 7: Influence of alginate-based films on meat freshness (cupper sulphate) during

refrigerated storage (1°C).

Cupper sulphate

Days
Control T1 T2 T3
Zero day Clear (zero) Clear (zero) Clear (zero)  Clear (zero)
1 st day Clear (zero) Clear (zero) Clear (zero)  Clear (zero)
2 nd day Clear (zero) Clear (zero) Clear (zero)  Clear (zero)
3 rd day Clear (zero) Clear (zero) Clear (zero)  Clear (zero)
4 th day Clear (zero) Clear (zero) Clear (zero)  Clear (zero)
5 th day Slight Cloudy (zero) Clear (zero) Clear (zero)  Clear (zero)
6 th day Slight Cloudy (zero) Clear (zero) Sllg?ztecr:(ljg)udy Clear (zero)
. Slight Cloudy Slight Cloudy
7 th day Slight Cloudy (zero) Clear (zero) (zero) (zero)
Slight Cloudy  Slight Cloudy Slight Cloudy
9 th day Flakes (3) (zero) (zero) (zero)
Slight Cloudy  Slight Cloudy Slight Cloudy
11 th day Flakes (3) (zero) (zero) (zero)
13 th day Flakes (3) Flakes (3) Flakes (3) S"g?ztef(ig’“dy
Flakes & Sediment Slight Cloudy
15 th day () Flakes (3) Flakes (3) (zero)

T1: Basal film plus citric acid (0.1%), T2: Basal film plus citric acid (0.1%) and acetic acid
(0.1%), T3: Basal film plus citric acid (0.1%) and nisin (100ug/ml).

DISCUSSION

In meat industry, edible coating (EC)
functions to prevent loss of moisture,
changes in texture, flavor, and color and
weight loss of products. Another advantage
is the reduction of dripping which serves to
enhance the presentation of the products.
(Sanchez-Ortega et al., 2014). In the current
study, an additional function of EC was
trialed. The ability of polysaccharide EC to
carry antimicrobials and their effect on the
microbial quality of meat slices was
investigated. Table 1, reveals the changes in
aerobic microflora of beef treated with 3
trials of EC. By using aerobic plate count
(APC) as an index of aerobic bacterial
contamination, the initial bacterial load was
4.5 logs cfu /g. That level of contamination
immediately (zero time) reduced to
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undetectable levels after application of EC
where the reduction was significant for all
applied edible coats (ECs). During
refrigerated storage, the delayed anti-
microbial effect of citric acid-based (T1)
and nisin-based (T3) ECs continue
significantly effective in reducing the
bacterial load within 15 days of storage
while citric and acetic acid combinations
based EC (T2) showed fluctuated effect
where significant reductions were observed
within the 1% and then during the period
from the 7" to the 15" days. The reduction
of APC counts in coated beef slices can be
attributed to the synergistic effect of the gas
barrier of alginate which decreased the
available oxygen required for aerobes, (Ou
et al, 2004) and the antimicrobials
incorporated in the ECs.
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Regarding the bacterial quality of beef, the
applied ECs bearing natural antimicrobials
used in the current study appeared good
wrappers of meat and function as an
additional hurdle against spoilage bacteria
contaminating meat surfaces. The applied
ECs could successfully prolong the shelf
life of treated beef for at least 6 days extra
to uncoated beef (control) where the value
of APC is still within that (not more than 6
cfu/g) recommended by FAO(1992). The
Egyptian Standard Organization (ESO,
2013) recommended a level of not more
than 6 cfu/cm? APC for acceptable chilled
meat. In the current study and due to the
presence of coats we evaluated the APC per
gram to explore both surface and internal
contaminants. Comparing the current
findings to (ESO, 2013) requirements for
APC, the three applied coats could preserve
the bacterial quality acceptable (not more
than 6 log cfu/g) for 15 days.

The ability of ECs loaded with different
antibacterials to fight meat contaminants
has been trialed by other investigators.
Abdallah et al. (2018) recorded that by
alginate coating, APC in pastirma was
significantly lowered than those of control
at zero time and after chilling storage. Also,
Alexanyan et al. (2014) observed a
reduction in bacterial dissemination in
treated beef liver treated with alginate coats
loaded with organic acids. In respect, APC
was found to be 1.5 times higher in control
compared to veal samples treated with ECs
based on sodium alginate after 9 days of
refrigeration, (Baranenko et al., 2013).
Besides, APC was significantly reduced in
alginate-coated buffalo meat patties,
(Keshri and Sanyal, 2009).

Gram-negative bacteria were reported to
dominate the spoilage bacteria of meat
(Yousefi et al., 2018). Of that division and
from the food quality point of view, the
most important Gram-negative group is
Enterobacteriaceae. They are commonly
constituting a part of microbiological
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criteria and their presence is related to
hygiene and safety of food (FAO, 1992).

The results in table 2 show the behavior of
Enterobacteriaceae in coated and control
meat slices. The three applied ECs appeared
efficient in controlling the proliferation of
enterobacteria. Organic acids-based coats
appeared more powerful activity than the
nisin-acids combination one. The load of
Enterobacteriaceae was reduced to an
undetectable level (< 1 log cfu/g)
immediately after treatment (zero time) and
during a period of 15 days of refrigerator
storage by organic acid-based ECs (T1 and
T2). In comparison, nisin plus organic acid
EC (T3) was less powerful than organic
acid-based ECs where the significance in
reduction of Enterobacteriaceae was
immediately and continue significant for
only five days during refrigerator storage. A
related study (Chidanadaiah et al., 2009)
found that the levels of Enterobacteriaceae
in  meat patties were reduced to
undetectable levels by the application of
alginate coating. In addition, Siragusa and
Dickson (1993) reported that Ca-alginate
EC loaded with combination organic acids
was more significantly effective against
E.coli than organic acid alone.

Nisin is considered one of the most
commercially applicable bacteriocins. It
possesses a small molecular size that allows
its ease of release when loaded in EC
(Joerger, 2007). Despite that important
advantage, nisin was recorded to be more
active against Gram-positive pathogens and
spoilage bacteria (Arauz et al., 2009).
Furthermore, Bhagath and Manjula (2019)
revealed that bacteriocins are of limited
application as preservatives due to the
problem of their adsorbance to muscle
foods.

Coliforms are referred to as indicator
microorganisms as their presence indicates
the potential occurrence of pathogens in
foods. It is accepted by many investigators
that the higher their levels the greater the
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possibility of pathogens (FAO, 1992). As
members of Enterobacteriaceae coliforms
behaved nearly in the same manner, (table
3). By application of ECs, their levels were
reduced immediately to undetectable levels
and continued undetectable for 15, 14 and
one day during refrigeration for T1, T2 and
T3, respectively.

The pH of meat is considered of major
importance in relation to its quality. It is
greatly affected by pre and post-slaughter
processes. For fresh meat, their values
range from 5.6 to 6.2. (Januskeviciené et
al., 2012). Deviation from the normal pH
values of meat affects the oxidation rate,
dripping and microbial decomposition,
(Rahman et al., 2015).

The changes in pH values in coated and in
control meat slices are illustrated in table 4.
The initial pH value of the control samples
was 5.5. That value was within the range
(5.5- 6.2) of fresh meat (JanuSkeviciené et
al., 2012). The corresponding initial values
for coated samples were 5.3,5.2 and 5.2 for
T1, T2 and T3, respectively. These values
revealed the immediately acidifying effect
of the coating. These effects appeared
significant at zero time and continue for a
further 2 days for T1 and one day for T2
and T3. The acidifying effects of ECs
appeared significant in many sampling
periods sand could preserve the pH value of
coated samples lower than control during
15 days of refrigerator storage, (table 4).
The acidifying effect of alginate coating
was also recorded by (Mokhtar et al., 2014)
when coated meat patties.

By comparing the pH values of coated
samples and control with that recommended
by (ESO, 2013) for chilled meat, it was
cleared that both organic acid-based (T1
and T2) and nisin-acids-based (T3)
successfully prolonged the shelf life of
treated beef for at least 5 days excessive to
uncoated meat (control). That may be due
to the restrain of bacterial proliferation and
inhibition of proteases resulted from
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lowering of pH as explored by (Fan et al.,
2009). Also, the findings of the current
study shared the observation with Bhagath
and Manjula (2019) that organic acids are
the cornerstone in the formulation of
coating films to prolong the keeping quality
of fresh meats and their products.

Edible coats can also function to carry
antioxidants to protect meat and their
products from adverse effects of oxidation.
In addition to the barrier effect of coating, a
synergistic effect can be achieved between
the barrier and antioxidants incorporated in
the coat. (Parreidt et al., 2018). The effects
of formulated ECs regarding meat oxidation
in the present study were assessed by
measuring  hydroperoxides  production
(peroxide value) and the antioxidant
enzyme (catalase).

The results in table 5 cleared that at the
initial (zero) sampling time the applied ECs
significantly function as antioxidants. It
was observed that the peroxide values (PV)
were reduced from 0.5 (control) to 0.20,
0.23 and 0.33 for T1, T2 and T3
respectively. The initial value for untreated
samples appeared higher than that recorded
by (Rahman et al., 2015).

Taking into consideration, oxidation is a
chemical reaction (Chaijan and Panpipat.,
2017) and the possibility of radicals to
degrade lipids increase with presiding of
time (Richards, 2006). That was true in the
condition of the present study where a
gradual increase in POV values was
recorded for all treatments and the control
by passing of the storage time. Moreover,
Alam et al. (2017) and Gheisari (2011)
recorded the same observation for
refrigerated beef and chicken, respectively.

Comparing the POV in coated samples to
control in (table 5), the reductions in values
of coated samples were observed along the
storage period of 15 days. These reductions
appeared significant in some sampling
times. The recorded POV were within the
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recommended value (25 meg/K) for meat
by  Narasimhan et al (1986).
Hydroperoxides are the primary oxidation
products (Dominguez et al., 2019). Their
reduction successively produced by applied
ECs had desirable effects by retarding the
loss of color that is the main factor
governing the consumer purchasing of
muscle foods. In a related study Song et al.
(2011) noted that the EC prepared based on
alginate could prevent oxygen diffusion
when applied to the fish surface. The low
oxygen diffusion retard lipid and
myoglobin oxidation (Sanchez-Ortega et
al., 2014).

Enzymatic defense antioxidant processes in
meat occur by the action of antioxidant
enzymes mainly glutathione peroxidase
(GPx), catalase (CAT) and superoxide
dismutase, (Min et al., 2008). Catalase and
GPx play a major role in the peroxide
clearance in the cytosol. Catalase acts in a
safe manner to decompose H.O; into water
and molecular oxygen (Terevinto et al.,
2010).

The levels of CAT detected in coated and
control meat slices are summarized in table
6 . The initial recorded values of CAT were
0.072, 0.164, 0.172 and 0.259 U/g for
control and organic acid-based ECs (T1 and
T2) and nisin-acids-based coat (T3),
respectively. These recorded values for all
treatments appeared significant differences
compared to the control. During
refrigerated storage, the levels of CAT U/g
gradually decreased by elapsing of storage
time till reached 0.005, 0.010, 0.007 and
0.044 Ulg for control, T1, T2 and T3,
respectively after 15 days of storage. That
observation was also reported by Gheisari
(2011) for stored beef. In the current study,
the most significant effect was recorded for
nisin-acids-based EC (T3) where the effect
continues significantly nearly during 14
days of stooge. The immediate and delayed
effects of nisin indicate that the processing
steps of EC based on nisin did not affect its
activity.
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The remaining units of CAT recorded for
coated meat slices were higher than those of
control. Consequently, control (uncoated)
beef slices are more oxidized than coated
slices. The higher stored level of CAT
could significantly function to resist
oxidation during storage which was
reflected in the low POV recorded for 15
days of refrigerated storage, table 5. This
observation coordinates with that recorded
by (Gheisari, 2011) for stored camel meat.
The clearance of H.02 by CAT enzyme
helps in the maintenance of meat colour by
inhibiting the oxidation of oxymyoglobin,
(Chan et al., 1997). That interferes with the
production of H.O:-activated
metmyoglobin which had the main role in
the oxidation of meat, (Rhee, 2001). Also,
related research works revealed that organic
acids  possess marked antioxidants
properties alone or when loaded on ECs and
films, (Bhagath and Manjula 2019)

The resulted changes in the primary and
secondary products during storage influence
the quality and nutrition constituents of
stored meat and consequently its degree of
freshness. In the current study, cupper
sulphate test was used as a freshness index.
The results summarized in table 7 reveal the
condition of control and coated meat slices.
According to that index of freshness, the
state of freshness continued for 11,11and 15
days for T1, T2 and T3, respectively while
in control was only 7 days. These results
nearly coordinate those of APC and pH
indexes in the current study. By these
indices, control slices were acceptable for 7
and 9 days respectively. Coated slices were
acceptable for a period of 11 — 15 days by
the same indexes. Thus the applied coats

successfully  prolonged the freshness
condition of beef which is the main
requirement of consumers and meat

producers. This desirable effect may be due
to the effect of the low pH value of applied
treatments.

In a related study, the microflora on the
surface of food was inhibited at a pH of 4 -
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4.2 of the coating solution (Baranyi and
Roberts 1994). These microflora together
with endoproteases are the main ammonia
producers, (Mokhtar et al., 2012). Another
explanation is that the low oxygen
permeability achieved by the edible coating
of meat produces partial inhibition of
spoilage bacteria and proteolytic enzymes,
(Mason and Sherratt, 2016). Also (Tunieva
and Kotenkova 2017) recorded that the
increase in antioxidant defense mechanism
protects the meat from peroxidation which
is cell toxic.

In conclusion, the applied edible coats in
the current study either organic acid-based
or nisin- acids based appeared powerful
antimicrobial and antioxidant activity. They
could efficiently serve to preserve the
quality of coated beef and extend its shelf
life. The obtained data indicate that these
coats can be applied as hurdles to cold-
stored meat. Further studies regarding their
effect on the physical properties of meat are

needed before their commercial
applications.
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