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Abstract: Tea Polyphenols (TP) has received much attention for their
excellent antioxidant and antibacterial activities. Some additives (such as
sodium alginate and sodium pyrophosphate) have good hydrophobicity
which have influence on the mechanical properties of food. The effect of
TP on the antibacterial activity of collagen casing was investigated, the
effect of addition of TP, sodium pyrophosphate and sodium alginate on
mechanical properties including tensile force, tensile strength and
elongation at break were also studied. Results from the single factor
experiments demonstrated that TP showed strong antibacterial activities
against Escherichia coli, Staphylococcus aureus and Salmonella
according to the Minimum Inhibitory Concentration (MIC) and the
inhibition zone method. Moreover, the mechanical properties of
collagen casings were obviously influenced by the addition of TP and
two food additives including sodium alginate and sodium
pyrophosphate. This work would be useful for application of collagen
casings with TP in food package to extend shelf-life of sausage during
processing, transportation and storage.
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Introduction

In recent years, tremendous changes have taken
place in food packaging with the improvement of
consumer requirements for food quality and safety
(Priyadarshi et al., 2018). Active packaging which has
the potential to replace traditional packaging in some
cases has got great attention because of its environment-
friendly, easily degraded and several extra functions
including antimicrobial activity, antioxidant activity,
moisture scavenging and so on in addition to barrier
action (Riaz et al., 2018; Lei et al., 2019). Natural
biopolymers such as polysaccharides and proteins are
prove to be good candidates used in active food
packaging because of their biodegradability and edibility
(Romani et al., 2017; Nouri et al., 2018).

Collagen casing, firstly produced in the 1980s, is one
type of the active packaging and widely used in the meat
industry (Wang et al., 2015). It has received much
attention due to their high strength, great
biocompatibility and biodegradability (Yang et al.,
2016). Collagen casings also act as a barrier to protect
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sausages during production, storage and distribution
(Conte et al., 2012; Mandic et al., 2018). Nevertheless,
casings base on pure collagen have some limitations
such as poor antibacterial properties and unsuitable
mechanical  performances  which  restrict  their
applications in food packaging (Harper et al., 2012;
Oechsle et al., 2014). In recent years, foodborne diseases
due to microorganisms contaminated with sausage
occurred all over the world. These foodborne outbreaks
caused significant economic loss and posed a great threat
to people’s health. Therefore, it’s very necessary to
develop collagen films with superior antibacterial
activity. Many researchers have made many useful
explorations in edible films incorporated with
bioactive substances. Chitosan-based active food
packaging film incorporated with apple peel
polyphenols exhibited good mechanical and
antimicrobial properties (Riaz et al., 2018). Collagen
casing impregnated with nisin has been proved to
possess antimicrobial activity against foodborne
pathogens and food spoilage bacteria associated with
ready-to-eat sausages (Batpho et al., 2017). The
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mechanical properties of collagen casings are
important in determining their application to foods
because these properties provide an indication of how
much stress and strain the casing can withstand before
fracture (Simelane and Ustunol, 2005). This is
particularly important during sausage manufacturing
because a sausage casing must be tender enough to be
pliable during stuffing and yet be strong enough to
hold the meat batter during the cooking process and
mechanical handling. Nevertheless, casings based on
pure collagen will expand due to heating, which will
lead to collagen casing damage in the process of
cooking, minced meat (mixture of meat protein and
other ingredients). However, relatively few researches
have been carried out on collagen casings.

TP, water soluble natural phenolic compounds, are
extracted from tea and mainly composed of several

catechins  including  (-)-Epicatechin  (EC), (-)-
Epicatechin-3-Gallate ~ (ECG),  (-)-Epigallocatechin
(EGC), (-)-Epigallocatechin-3-Gallate (EGCG), (+)-

gallocatechin and (+)-catechin, etc. (Azam et al., 2004).
Many epidemiological studies have proved that green tea
was closely associated with many physiological and
pharmacological health benefits which mainly attributed
to TP (Cabrera et al., 2006). Moreover, TP were reported
to possess strong antioxidant and antibacterial activities
(Lagha et al., 2017; Zhang et al., 2018). In view of the
advantages mentioned above as well as low-cost and
safety of TP, many researchers have concentrated on the
application of TP in developing edible active packaging
films in recent years, it was found that TP could interact
with chitosan to improve the water vapor barrier
performance and endowed the membrane with good
DPPH radical scavenging ability (Wang et al., 2013).
Another research reported that great physical properties
and antioxidant activity were exhibited in gelatin-sodium
alginate edible films with TP (Dou et al., 2018). The
incorporation of TP in pectin-konjac glucomannan
composite edible films obviously enhanced the
antioxidant activity, antimicrobial activity as well as
mechanical and water-resistant properties of the films
(Lei et al., 2019). Additionally, the previous study
demonstrated that catechin improved the stabilization of
collagen through crosslinking involved of hydrogen
bonding and hydrophobic interactions (Madhan et al.,
2005). Despite so many advantages of TP in edible films
reported, few researches have regarded the application of
TP in collagen casings.

Sodium alginate is an anionic polysaccharide
extracted from brown algae (Bokkhim et al., 2016),
which is widely used in the emulsion and restructured
meat products as gel producing, thickening, suspending
and emulsion stabilizing agents because it’s thickening
property, high stability and good gelling characteristic,
could improve the juiciness, texture, color and flavor of
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meat products (Chen et al, 2014). Sodium
pyrophosphate is a most widely used functional
phosphate employed in meat processing (Shen and
Swartz, 2010). To promote gelation, sodium
pyrophosphate is commonly added during meat
processing to aid in the extraction of myofibrillar
protein that will subsequently aggregate and gel
during cooking (Jongberg et al., 2015).

Base on those backgrounds, the aim of this work was
to investigate the antimicrobial activities of TP and
collagen casings against four bacteria including two
Gram-positive (Staphylococcus aureus and Bacillus
subtilis) and two Gram-negative (Escherichia coli and
Salmonella), the influence of TP and two food additives
(sodium alginate, sodium pyrophosphate) on mechanical
properties of collagen casings were also examined.
These findings will provide the optimizing
formulation of antimicrobial collagen casings applied
in food packaging industry.

Materials and Methods
Materials

All the materials used in this study were
commercially available. The collagen casings (from
cowhide and the aperture is 25 mm) were offered by
Zibo Huanghelong Bioengineering Co., Ltd. (Zibo,
China). Tea polyphenols were obtained from Freder
Biotechnology Co., Ltd (Suzhou, China). Sodium
alginate and sodium pyrophosphate were purchased from
Sinopharm Chemical Reagent Co., Ltd. (Beijing, China).
All other reagents used in this study were analytical
grade. Sterile water was used throughout this study.

Experimental Methods
Strains Preparation

Escherichia coli (ATCC25922), Staphylococcus
aureus (ATCC25923), Bacillus subtilis (ATCC6633)
and Salmonella (ATCC14028) were preserved in Colin
Ratledge Center for Microbial Lipids of Shandong
University of Technology.

Preparation of Collagen Casings

Collagen casings were cut into 20 cm lengths and
then sprayed with prepared solutions of food additions
(sodium alginate, sodium pyrophosphate and TP). After
treatment for 10 h at 35°C, collagen casings were kept in
a desiccator at 25°C and 50% Relative Humidity (RH)
before further analysis.

Evaluation of Minimum Inhibition Concentration
(MIC)

MIC of TP was evaluated by diffusion method
according to the previously report with slight



Zhike Xie et al. / American Journal of Biochemistry and Biotechnology 2020, 16 (3): 407.416

DOI: 10.3844/ajbbsp.2020.407.416

modifications (Duarte et al., 2015). Briefly, serial
concentrations of TP, ranging from 2 to 18 mg/mL,
sequentially mixed with cooled nutrient broth. The
same nutrient broth with sterile distilled water instead

of TP was used as the control group. Test
microorganisms including Escherichia coli,
Staphylococcus  aureus,  Bacillus  subtilis and

Salmonella with approximately 1x10® CFU/mL colony
number used in this study. Test microorganisms were
inoculated into the culture medium and cultured at
37°C for 24 h. MIC values were determined as the
lowest concentration that caused a visible inhibition
zone compared to the control group.

Determination of the Inhibition Zone

The inhibition zones of collagen casings were
evaluated by disc diffusion method (Celiktas et al.,
2007). Gram-positive bacterium (Bacillus subtilis and
Staphylococcus aureus) and gram-negative bacterium
(Escherichia coli and Salmonella) were employed in this
experiment. Test microorganisms containing a bacterial
load of 1x10® CFU/mL were cultured using nutrient
broth. Collagen casings were cut into small disks of 20
mm diameter and were placed on the surface of solid
nutrient broth that was inoculated with the test bacteria.
The same nutrient broth with pure collagen casings was
served as the control. The plates were then incubated at
37°C for 24 h and the inhibition zone was measured.

Mechanical Properties

The films were cut into strips (15x3 c¢m in the
longitudinal direction, 5x3 cm in the transverse
direction) and stored at 25°C and 50% RH for 24 h
before measurement. The tensile force, tensile strength
and elongation at break of the collagen casings were
measured at 25°C with a tensile testing machine (XLW;
Labthink, China). The tensile tests were performed with
a longitudinal gap of 10 cm, a transverse gap of 3 cm
and a crosshead speed of 1 mm/s.

Table 1: Minimum Inhibition Concentration (MIC) of TP

Statistical Analysis

Origin (Version 8.0; Origin Lab, USA) and Excel
(Version 2010; Microsoft, USA) were used for statistical
analysis. Analysis Of Variance (ANOVA) was employed
to determine the significance. All the results were
expressed as mean value * standard deviation (n = 3
independent experiment). P values less than 0.05 were
considered to be statistically significant and all
determinations were performed in triplicate.

Results and Discussion
MIC of TP

MIC is an indicator to determine the antibacterial
activity of antibacterial agents. The MICs of TP against
four food-borne pathogenic bacteria (Escherichia coli,
Staphylococcus aureus, Bacillus subtilis, Salmonella)
were investigated in this study. Results in Table 1
showed that MIC values of TP against (Salmonella,
Escherichia coli, Bacillus subtilis and Staphylococcus
aureus) were 6, 8, 8 and 18 mg/mL, respectively. Above
results indicated that Bacillus subtilis was the most
resistant bacterium and Salmonella was the most
sensitive bacterium among the tested bacteria to TP used
in this study. These results were consistent with previous
report that TP showed weaker antimicrobial activity
against Bacillus subtilis than Salmonella, Escherichia
coli and Staphylococcus aureus though there were
differences between MIC values (He et al., 2016), which
could be explained as the strong resistance and vitality of
Bacillus subtilis (Rao et al., 2019). In addition, previous
studies revealed that TP exerted its inhibitory effects on
Escherichia coli through increasing endogenous
oxidative stress (Xiong et al., 2017) and on methicillin-
resistant Staphylococcus aureus by regulating expression
of extracellular proteins (Cho et al., 2008).

MIC
NO. TP concentration (mg/mL) Escherichia coli Staphylococcus aureus Bacillus subtilis Salmonella
1 18 - - -
2 16 - + -
3 14 - ++ -
4 12 - ++ -
5 10 - +++ -
6 8 - +++ -
7 6 + +++ -
8 4 ++ +++ ++++ +
9 2 +++ ++++ ++++ +++
10 0 ++++ ++++ ++++ ++++

The blank group was sterile water, "-" was sterile growth, "+" was very weak growth of bacteria, "++" was weak growth of bacteria,
"+++" was strong growth of bacteria, "++++" was particularly strong growth of bacteria.
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Antimicrobial Property of Collagen Casings

Antimicrobial property of collagen casings after
addition of TP was evaluated using the diameter of
inhibition zones. As observed in Fig. 1, the diameters of
inhibition zone against Salmonella, Escherichia coli and
Staphylococcus aureus were increased with increasing
addition of TP in collagen casings and ranged from 20
to 33.75 mm, 20 to 29.25 mm and 20 to 28.25 mm,
respectively. For Salmonella, Escherichia coli and
Staphylococcus aureus, the maximum inhibition zones
were 33.75, 29.25 and 28.25 mm at 2.5% of TP
addition in collagen casings, respectively. However,
collagen casings with TP exhibited weak
antimicrobial ability against Bacillus subtilis which
was consistent with our MIC results. Base on the
above, collagen casings with TP showed stronger
antimicrobial  activities against Gram-negative
bacterium than Gram-positive bacterium. Previous
studies reported that EGCG, the main active
ingredient of TP, exerted stronger inhibitory effect on
Gram-positive bacteria than Gram-negative bacteria which
was different with our results in this study (Cho et al.,
2008). The difference of results might be ascribed to the
crude extracts of TP (food grade) used in this study
which was different with the high purified individual
component of TP. Moreover, different mechanisms were

36
34
2.
30-
28—-
26—.

244

Diameter of bacteriostasis circle (mm)

22+

204

1

involved in inhibition of EGCG against Gram-positive
and Gram-negative bacteria (Cui et al., 2012).

Effect of Sodium Alginate on Mechanical Properties
of Collagen Casings

Sodium alginate with great water retention is widely
used in food industry and is excellent material to make
edible films (Galus and Lenart, 2013; Liu et al., 2017).
In this study, sodium alginate was used to improve the
mechanical properties of collagen casings which usually
become hard and brittle during storage. As shown in
Fig. 2, the tensile force, tensile strength and
elongation at break of collagen casings longitudinally
and transversely increased firstly and then decreased
with the increase of sodium alginate concentration.
Better mechanical properties were achieved by 2.5-3.5%
sodium alginate reinforced collagen casings. These
results revealed that sodium alginate played an
important role in reinforcing the mechanical
properties of collagen casings. The potential
explanation of these results might be that a mesh
interpenetrating structure formed through the bond
cooperation between sodium alginate and collagen
and the resulting synergistic effect made the support
stronger, thus greatly improved the mechanical
properties of collagen casings. Further investigations
should be performed to verify this speculation.

—=— Escherichia coli
—ae— Staphylococcus aureus
—4&— Bacillus subtilis
—v— Salmonella

0.0 0.5

T v T ’ T
15 2.0 25

Concentration of tea polyphenols (%)

Fig. 1: Effect of TP on bacteriostatic properties of collagen casings
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Fig. 2: Effect of sodium alginate on mechanical properties of collagen casings. (A) Effect of sodium alginate on the tensile force of
collagen casings. (B) Effect of sodium alginate on the tensile strength of collagen casings. (C) Effect of sodium alginate on
the elongation at break of collagen casings
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Effect of Sodium Pyrophosphate on Mechanical
Properties of Collagen Casings

Sodium pyrophosphate is great food quality improver
and widely used in food processing. Previous studies
revealed that phosphate improved the structure and
properties of edible films (Tkaczyk et al., 2001). Therefore,
we investigated the effect of sodium pyrophosphate on
mechanical properties of collagen casings. As illustrated in
Fig. 3, the mechanical properties of collagen casings
including the tensile force, tensile strength and elongation at
break longitudinally and transversely reinforced firstly and
then decreased with increasing sodium pyrophosphate
additions up to 4%. Collagen casings added 2.5-3.5%
sodium pyrophosphate gained better mechanical properties
compared to other samples. The reinforcement of sodium
pyrophosphate in a certain addition range on mechanical
properties of collagen casings might be explained as its
great water retention property. Base on the above, we
speculated that the addition of sodium pyrophosphate might

A

help to relieve the embrittlement of collagen casings during
storage. We will explore this issue in future research.

Effect of TP on Mechanical Properties of Collagen
Casings

In recent years, several researches focused on the
application of plant polyphenol in edible films. Thinned
young apple polyphenols were reported to enhance the
antioxidant and antimicrobial properties of chitosan film
though mechanical properties of the film were decreased
(Sun et al., 2017). Apple peel polyphenols with the
concentration of 0.50% significantly improved the
mechanical and antimicrobial properties of chitosan film
(Riaz et al., 2018). In addition to the antimicrobial
properties of TP, the effect of TP on mechanical properties
of collagen casings was also investigated in this study.
Results in Fig. 4 showed that the mechanical properties of
collagen casings were changed after the addition of TP and
gained better values with 1.5-2.5% of TP.
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Fig. 3: Effect of sodium pyrophosphate on mechanical properties of collagen casings. (A) Effect of sodium pyrophosphate on the

tensile force of collagen casings. (B) Effect of sodium pyrophosphate on the tensile strength of collagen casings. (C) Effect of
sodium pyrophosphate on the elongation at break of collagen casings
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Fig. 4: Effect of TP on mechanical properties of collagen casings. (A) Effect of TP on the tensile force of collagen casings. (B)
Effect of TP on the tensile strength of collagen casings. (C) Effect of TP on the elongation at break of collagen casings

Previous studies reported that TP at appropriate levels
significantly increased the mechanical properties of
composite edible films of pectin and konjac
glucomannan (Lei et al., 2019) and green tea extract rich
in TP was revealed to enhance tensile strength of silver
carp skin gelatin film (Wu et al., 2013). The effect of TP
on edible films probably due to the interaction between
TP and other compositions incorporated in films.
Moreover, TP exhibited less influence on the mechanical
properties of collagen casings compared to sodium
alginate and sodium pyrophosphate in this study.

Conclusion

The antimicrobial effect of TP and collagen casings
was observed through diameter of inhibition zone and
MIC. Meanwhile, the effects of TP and two additives on
mechanical properties of collagen casings were
investigated. In this study, the findings revealed that
advantages of adding TP in collagen casings included
improving mechanical properties as well as enhancing
antibacterial  abilities against  Escherichia  coli,
Staphylococcus aureus, Bacillus subtilis and Salmonella.
Meanwhile, the mechanical properties of collagen
casings were improved by sodium alginate and sodium
pyrophosphate in a certain concentration range. Base on
the above, the collagen casings added with TP, sodium
alginate and sodium pyrophosphate could be applied to
coat sausages to extend shelf-life and maintain the
adequate mechanical properties of sausages. In a similar
type of study, the mechanical and antibacterial properties
of chitosan membranes were significantly improved by
0.50% apple peel polyphenols (Riaz et al., 2018;
Zhang et al., 2020), found that zwitterionic chitosan
derivative could improve the mechanical properties and
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antibacterial activity of carboxymethyl cellulose-based
films (Tosati et al.,, 2017) found good antimicrobial
effect of edible coating blend based on turmeric starch
residue and gelatin. Future researches are required to
explore the mechanism of interaction between additions
used in this study and collagen.
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