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Abstract The aim of this study was to design and produce
biologically active edible hydrosols, which, when applied to the
surface of food products, will protect them from oxidative
changes, spoilage and growth of microorganisms. Verification
of testing hypothesis and the degree of aim realization were
performed by assessing a DPPH radical scavenging activity and
microbial reduction of experimental hydrosols on the basis of
hydroxypropylmethylcellulose (HPMC), chitosan (CH), lyso-
zyme (L) and nanocolloidal silver (NAg). Antimicrobial activity
of different concentrations of CH, L and NAg hydrosols against
Gram (+) bacteria: Bacilllus cereus andMicrococcus flavus and
Gram (−) bacteria: Escherichia coli and Pseudomonas
fluorescens, which exist more often in food, were analyzed
using serial dilution test. Total number of microorganisms was
determined on meat sample covered by tested sols. Hydrosols
containing chitosan and other bioactive substances caused death
of each tested microorganism. Lack of chitosan in hydrosols is
reflected in a slight inhibition of M. flavus, E. coli and
P. fluorescens. Simultaneous influence of CH, L and NAg
addition and storage time on total number of bacteria in meat
samples with hydrosols was showed. The addition of lysozyme
to sols composition significantly increases antioxidant activity.
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Introduction

“Hurdles Technology” or barriers is commonly used as a
system of combined preservation of food products that can

exploit the synergistic action of many factors, resulting in
inhibition of microbial growth, each acting alone is not very
effective. Barriers are the parameters that inactivate microor-
ganisms, such as water activity (aw), pH and redox potential
(Eh), or bioactive substances that can damage some, or at least
one of the homeostatic mechanisms of microorganisms
(Leistner and Gould 2002).

Chitosan is the N-acetylated chitin derivative β (1–4)
linked of 2-amino-2-deoxy-β-D-glucose (GlcN) and N-
acetylglucosamine (GlcNAc)—occasionally occurring in the
chain. This polymer is given a GRAS status (Generally
Recognized As Safe), which is a guarantee of safety in use as
a natural food component (Shepherd et al. 1997; Terbojevich
and Muzzarelli 2000). Moreover, it is a biorenewable, biode-
gradable and non-toxic, environmentally friendly product,
which can be used as a preventive substance in food system
(Rosca et al. 2005). It was also successfully used as component
of preparation in wound healing (Dai et al. 2011; Ribeiro et al.
2013). Chitosan is dissolved in most organic acids such as
formic acid, acetic acid, lactic acid, and oxalic acids. Most
commonly used solvent is 0.1 M solution of acetic acid.
Antimicrobial activity of chitosan is largely dependent on the
molecular weight, degree of deacetylation, the concentration in
solution and the pH of the medium (Lim and Hudson 2003).
Previous studies indicate that the chitosan is dissolved in an
aqueous salt solution to allow protonation of the amine,
resulting in activity against some strains of fungi, yeasts and
bacteria (Sagoo et al. 2002; Coma 2010). However, the stron-
gest activity has against bacteria (Tsai et al. 2002), more against
Gram (+) than Gram (−) (Jeon et al. 2001). It was observed that
the polymer acts more quickly to fungi than bacteria and
algae (Cuero 1999). There are also reports in the literature
confirming the theory of hurdles and synergism of the
applied chitosan in combination with several preservatives
(Chen et al. 1996; Roller et al. 2002), and the antimicrobial
factors (Lee et al. 2003; Song et al. 2002).
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Lysozyme is muramidase (N-acetyl-muramyl-hydrolase)
known bacteriostatic agent, discovered by Alexander
Fleming in 1922. It decomposes β (1–4) glycosidic linkage
between N-acetylmuramic acid and N-acetylglucosamine in
the cell wall of polysaccharides, including bacteria
(Leśnierowski and Kijowski 2007). Lysozyme is attached to
the rest of the amino sugar polysaccharide bacterial cell wall,
causing the deformation and unsealing, which results in a
perforation of the cell wall (Proctor and Cunningham 1988).
Because of its lytic properties, lysozyme has been applied as
an antiseptic substance. Its function is mainly sensitive against
Gram (+). Bacteriostatic effect of lysozyme can also be ex-
tended to the influence on the growth inhibition of Gram (−)
by the application of permeable membrane for lysozyme with
other substances or to connect other substances to lysozyme
(Masschalck and Michiels 2003). The use of lysozyme in
chitosan’s protective coatings extends the range of its effects
on the bacteria Escherichia coli and Streptococcus faecalis
(Park et al. 2004). Also the mixture of enzyme and chito-
oligomers exhibits a strong inhibiting effect of the growth of
such bacteria as Escherichia coli, Pseudomonas fluorescens,
Bacillus cereus, and Staphylococcus aureus in minced meat
stored in refrigerator (Rao et al. 2008). Bacteriostatic effi-
ciency of lysozyme is potentiated as a result of: a comple-
mentary action in the combination with hydrogen peroxide
and ascorbic acid (Miller 1959), EDTA (Padgett et al.
1998), coffee acid, cinnamic acid (Valenta et al. 1998),
alginate, carrageenan (Cha and Chinnan 2004) and chitosan
(Duan et al. 2008). It is also possible to inactivate the
growth of Listeria monocytogenes, aerobic bacteria, yeast
and fungi in smoked salmon coated by a film produced
with whey protein and lysozyme (Min et al. 2005).

Silver colloid is a kind of antibiotic with a broad spectrum
of activity (Galeano et al. 2003; Tankhiwale and Bajpai 2009;
Marambio-Jones and Hoek 2010). It reacts with the thiol
group of proteins and enzymes of bacteria and causes
their inactivation (Lok et al. 2006). Silver, silver ions
and silver compounds were analyzed for antibacterial
and antiviral effects (Sondi and Salopek-Sondi 2004;
Pal et al. 2007; Duran et al. 2007). In the literature,
there are known methods for producing coatings with
nanosilver dispensed within the structure of chitosan and
silver in filter paper. Both food packagings have strong bac-
teriostatic effect against Escherichia coli (Tankhiwale and
Bajpai 2009, 2010).

Using bioactive substances such as: chitosan, lysozyme
(Moreira et al. 2011; Lian et al. 2012) and nanosilver
(Llorens et al. 2012) might extend spectrum of their activity
to the other food species of bacteria. The aim of this
study was to design and produce biologically active edible
hydrosols, which, when applied to the surface of the food
product, will protect them from oxidative changes, spoilage
and growth of microorganisms.

Materials and methods

Materials

The solid base was hydroxypropylmethylcellulose—Walocel
preparate, HM 100 PA 2208 FG from Dow Wolff Cellulosics,
Poland. Low molecular weight chitosan (DD=75–85 %) and
DL lactic acid (85 % syrup) were obtained from Sigma Aldrich,
Poland. Lysozyme fromwhite egg hen with 2000 U/mg activity
was purchased from Ovopol, Poland. Nonionic form of colloi-
dal silver with particles’ sizes in the range of 10–60 nm and a
concentration of 50 ppmwas obtained fromNano-Tech, Poland.

Preparation of sols biocomposite

Hydroxypropylmethyl cellulose (HPMC), as a based compo-
nent, was dissolved in distilled water and heated with stirring
in a water bath at 70 ° C. After 12 h, evaporated water was
supplemented and inserted into the refrigerator at a tempera-
ture of 4 °C. At the same time, chitosan (CH) solution was
prepared in 2% aqueous solution of lactic acid by stirring with
400 rpm for 12 h. Then, water stock solution of lysozyme was
prepared. Glycerol was used as plasticizer in amount of 25 %
of polymers dry mass. Thus prepared solutions of sols,
preparate of nanocolloidal silver (NAg) and glycerol were
mixed in suitable proportions to obtain final concentrations
of the components shown in Table 1.

Antioxidant activity as a free radical scavenging ability
of DPPH

Scavenging capacity was measured using a methanolic solu-
tion of radicals of 1,1-diphenyl-2-pikrylohydrazylu (DPPH)
and was described by Chen et al. (2007). Sols were mixed
with 0.3 mM DPPH solution of alcohol in a 1:1 ratio. After
30-min incubation at room temperature the reduction of the
DPPH free radical was measured by reading the absorbance at
517 nm. The antioxidant activity of experimental hydrosols
was expressed as micromole of Trolox per milliliter of film
solution (μg Trolox/ml).

Antimicrobial activity

The method was described by Song et al. (2002). The follow-
ingmicroorganisms were used in the test:Bacillus cereus B3P,
Micrococcus flavus, Escherichia coli, Pseudomonas
fluorescens. The bacterial cultures were grown on the nutrient
agar slant and kept at 4 °C. Microorganisms were taken from
the slant and transferred to a suitable medium for propagation:
B. cereus to Tryptic Soy Broth (Sigma Aldrich) for 24 h at
37 °C, M. flavus to enriched broth (BTL) for 24 h at 37 °C,
E. coli to broth with sheep blood, P. fluorescens—broth with
sheep blood for 24 h at 25 °C. The bacterial suspension was
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standardized by transferring 1ml of culture to fresh medium to
a density of 1McFarland scale. The absorbance was measured
at a wavelength of λ=550 to determine cell density and
obtained 106 cfu/ml of bacterial cultures concentration.
0.1 ml of the bacterial cell suspension was introduced into
1 ml sols sample (to a final concentration of bacterial cells of
105 cfu/ml) and incubated at 37 °C for 30 min. Then, the
samples were applied in an amount of 0.1 ml of the suspension
on a plate of solidified agar. The plates were incubated at
37 °C for 24 h (B. subtilis, M. flavus, E. coli) and 25 °C for
48 h (P. fluorescens). After this time the colonies grown were
counted. A control sample was inoculated without the addition
of experimental sol. The results are presented as log cfu/ml.

Total number of microorganism of meat sample covered
by hydrosol

The total number of microorganisms was determined by plate
count agar at 30 °C, for 72 h, according to PN-EN ISO4833
(“Meat and meat products. Microbiological examination.
Determination of total number of microorganism”—Polish
Standard). Refrigerated bovine tenderloin were obtained with-
in 48 h of slaughtering from a local meat packer and ground
through a 20±0,3 mm thick slices (0 week of storage). Meat
slices were sprayed out with biocomposites hydrosols, vacu-
um packed on the insert adsorbent in foil bags and stored in
4 °C for 1, 2, 3, 4 weeks. Meat slices were minced using
sterilized grinder, homogenized in sterile bags with the
Stomacher homogenizer and serial diluted. An agar plate with
peptone-tryptone, yeast extract and glucose broth was flooded
with a culture. Grown colonies were counted after incubation
time. The results are presented in log cfu/g.

Statistical analysis

Data were analyzed by analysis of variance (Anova) using
Statistic 9. The differences between means were established

with Duncan Test with 5% significance. All experiments were
performed in triplicate.

Results and discussion

Statistical analysis of DPPH radical scavenging ability of
hydrosols is presented in Table 2. Proportional relationship
between the increase of L and NAg concentration and increase
amount of Trolox, which is needed to neutralize 0,3 mM free
radicals of DPPH were shown. Increasing concentration of
CH in sols reflects reduction of bonded Trolox. The amount of
bonded Trolox was at the same level, regardless of CH con-
centration. It was noted that hydrosols with the highest con-
centration of L were presented with the best efficiency of free
radical scavenging. Samples without enzyme addition were
characterized by the weakest antioxidant capacity (Fig. 1).
The ability of hydrosols to free radical scavenging was in-
creased with increasing concentration of the enzyme, what
may be related with a higher content of hydrolysis products of
used polysaccharides. Antioxidant properties of chito-
oligomers and their derivatives are dependent on the degrada-
tion of chitosan (Sun et al. 2008). Furthermore, with the
increase in the degree of substitution, decreases the ability to
bind free radicals. This is due to the fact that chito-oligomers
contain smaller amount of active amino groups, which can
react with DPPH and create a colorful and reduced form of
DPPH-H (Huang et al. 2006). The molecular weight of chito-
oligomers in hydrolysates also affects their antioxidant prop-
erties. The increase of molecular weight of 60 kDa greatly
decreases possibility of chito-oligomers to scavenge free rad-
icals (Kim and Thomas 2007). However, Youn et al. (2001)
obtained a slightly different result and suggested that chitosan
with higher molecular weight and in higher concentration may
present stronger antioxidant effect. Other reports indicate
higher capacity chito-oligomers for radical scavenging of

Table 1 Experimental design of
hydrosols variants Variant Variation factors Constant factors

Chitosan
[%]

Lysozyme
[%]

Ag nanocolloid
[ppm]

HPMC [%] Glycerol [%]

1. 0.0 0.0 0.0 0.5 25 (based on dry mass of polymers)
2. 0.5 2.0

3. 1.0 1.0

4. 1.0 0.0 2.0

5. 0.5 1.0

6. 1.0 0.0

7. 2.0 0.0 1.0

8. 0.5 0.0

9. 1.0 2.0
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DPPH, hydroxide-oxide anion and superoxide anion to higher
deacetylation degree, around 90 % (Je et al. 2004; Jarmila and
Vavrikova 2011).

Determination of antimicrobial activity was performed by
modified method of Song et al. (2002) and allowed the quan-
tification of the inhibition degree of microbial growth by the
bioactive components from the experimental sols. It was
found that 104 log cfu/ml of B. cereus was completely
inactivated as a result of simultaneous effect of every bioactive
components (Table 3). The amount of B. cereus at the control
plate was 6,64 log cfu/ml. The growth of M. flavus was
completely inhibited by sols with chitosan, lysozyme and
nanosilver. It was also noted that lysozyme present positive
impact against this bacteria. The addition of the enzyme to the
sol composition caused reduction of Micrococcus growth by
about 2 log cfu/ml. The variant 5 shows lessM. flavus reduc-
tion comparing with 4 variant, what is related with higher
concentration of nanosilver in second one. According to Rhim
et al., the bacteriostatic effect of chitosan film could be im-
proved with the addition of nanosilver (Rhim et al. 2006).
Also the difference between those two samples is in lysozyme
dose; the 0.5 % in variant 5 could be not enough to inhibit
growth if this bacteria. Bacteriostatic effect against Gram (−)
of the experimental hydrosols was also demonstrated.
Complete inhibition of growth of E. coli (Fig. 1a and b) and

P. fluorescens was observed just for samples containing chi-
tosan (Table 3). It was noted that the greatest antimicrobial
activity to create biocomposites among all used components
has chitosan. Our results indicate also higher bacteriostatic
effect of chitosan and chitosan oligomers against B. cereus,
E. coli and P. fluorescens, and are in accordance with other
reports (No et al. 2002; Cho et al. 1998). These authors noted
an increase in chitosan activity against Bacillus sp. and E. coli
with a decreasing viscosity of 1000 to 10 cP (Cho et al. 1998).
Chitosan oligomers obtained after lysozyme degradation ex-
hibit stronger antilisterial activity than not hydrolyzed chito-
san (Zimoch-Korzycka et al. 2014). According to Wu, the
increasing concentration of chitosan in membrane with the
addition of cellulose also greatly reduces the growth of E. coli
(Wu et al. 2004). Reducing the number ofE. coli and B. cereus
by 5–6 logarithmic orders and P. fluorescens about 3 orders by
chitosan and abut 1–2 orders by chitooligosaccharides obtain-
ed by irradiation were achieved by Rao et al. (2008). The
mechanism of microbial growth inhibition by the chitosan
molecules is still not clear but it is associated with the
polycationic nature of the polysaccharide, which interrupts
the cell membrane (Helander et al. 2001) or a film-forming
ability around the bacterial cell (Zheng and Zhu 2003).
Lysozyme (which is a component of hydrosol protective
layer) can be effective against Gram (−), when the outer

Table 2 Antioxidant activity of DPPH for biocomposite hydrosols (main effects)

Parameter Main effects

Chitosan [%] Lysozyme [%] Ag nanocolloid [ppm]

μg Trolox/ml 0.0 17.202a 0.0 4.394a 0.0 10.648a

1.0 13.223b 0.5 14.109b 1.0 14,980b

2.0 12.239b 1.0 24.161c 2.0 17.037c

Free radical scavenging [%] 0.0 51.370a 0.0 7.287a 0.0 28.811a

1.0 37.674b 0.5 40.724b 1.0 43.721b

2.0 34.289b 1.0 75.323c 2.0 50.801c

a–c Statistically significant differences for the columns within the factors at p≤0.05
n=3

Fig. 1 a Growth of E. coli of
105 cfu/ml; b Inhibition of E. coli
growth of 105 cfu/ml by
experimental hydrosol, 9 variant
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membrane of bacteria is interrupted or is not covered with
chitosan (Park et al. 2004). It is well known that the Gram (−)
are resistant to the native form of lysozyme, which is why so
many scientists undertake the study to improve the bacterio-
static properties of the enzyme, through the creation of mix-
tures interactively affecting the microorganisms (Nakamura
et al. 1992; Song et al. 2002). Davidson and Branen’s research
suggests the possibility of strengthening the activity of lyso-
zyme against Gram (−) by the addition of EDTA, which
changes permeability of the outer membrane (Branen and
Davidson 2004). Antimicrobial activity of lysozyme has
been successfully used against Gram (+), what is related
to the hydrolysis of the glycoside bond of bacterial cell
walls, especially the β (1–4) bond between the C-1 of N-
acetylmuramic and C-4 of N-acetyl - D -glucosamine
(Masschalck and Michiels 2003). However, Gram (−) bac-
teria are more sensitive to the effects of silver ions intro-
duced into chitosan film than Gram (+), which is related
to changes in the membrane permeability (Rhim et al.
2006). Silver has an antimicrobial effect against suscepti-
ble strains of Escherichia coli, Pseudomonas sp. and yeast
alcohol (Clement and Jarrett 1994).

The antimicrobial activity of experimental films on meat
samples with increasing concentrations of chitosan was ob-
served (Table 4). The control sample after a week of storage
contained less than 1 order more colony forming units in 1 g of
meat. While after 4 weeks, there was an increase of 2 orders
compared to the fresh meat. Meat samples covered by every
tested variant of hydrosols after first week of storage was an
increase in the total number of microorganisms, which were

higher than the number of colony forming units found in a
control sample. Total number of bacteria in reference sample
of meat after 4 weeks of storage was 8 log, but the same
sample sprayed with sol of 9 variant resulted in inhibition of
microorganisms about of 2,5 log. Storage time of refrigerated
meat with tested films was influenced on inhibition of micro-
bial growth. These results confirm the report of Sagoo et al.,
who showed a reduction in the total number of microorgan-
isms in minced meat dipped in the chitosan solution of 0.3 and
0.6 %. They have found that the inhibition of microorganisms
growth at the level of 1–3 log depends on the storage time of
the products. The same researchers have also noted that the
number of microorganisms in each of the test samples was
always higher than the reference sample (Sagoo et al. 2002),
what was in agreement with our results. According Darmadji
and Izumimoto, who added 1 % of chitosan to beef patties
stored at 4 °C for 10 days, have caused a reduction in the
number of bacteria by 1–2 orders of logarithmic. However,
change in temperature, or lowering the concentration of chi-
tosan, was resulted in no inhibition of microbial growth
(Darmadji and Izumimoto 1994). But Garcia et al., were noted
that the addition of chitosan to model sausage batter did not
result in the reduction of microorganisms, their growing was
occurred within 26 days of storage (Garcia et al. 2010). It
suggests possible simultaneous effect of many factors on
reduction of microbial growth.

Conclusions

It was demonstrated that experimental sols exhibit antimicro-
bial activity against all strains of bacteria chosen to test but is

Table 3 Effect of antimicrobial activity against Gram (+) and Gram (−)
bacteria of biocomposite hydrosols

Variant Growth of microorganisms [log CFU/mL]

Gram (+) Gram (−)

Bacillus
cereus

Micrococcus
flavus

Escherichia
coli

Pseudomonas
fluorescens

1 0.00±0.00* 6.82±0.01 2.34±0.01 4.78±0.43

2 0.00±0.00 4.63±0.21 2.39±0.01 4.77±0.10

3 0.00±0.00 4.15±0.21 2.41±0.00 5.02±0.03

4 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

5 0.00±0.00 4.00±0.00 0.00±0.00 0.00±0.00

6 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

7 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

8 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

9 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

Control 6.64±0.02 7.00±0.00 2.51±0.02 5.16±0.02

* p≤0.05
n=3

Table 4 Antibacterial activity of structured biocomposite hydrosols on
meat sample

Variant Growth of total number of bacteria [log CFU/g]

Time [weeks]

0 1 2 3 4

1 4.28±0.02* 5.00±0.04 5.77±0.05 6.64±0.05 7.98±0.01

2 5.32±0.05 5.69±0.10 6.28±0.03 7.91±0.02

3 5.30±0.05 5.54±0.03 6.04±0.03 6.69±0.02

4 4.66±0.04 4.80±0.12 5.64±0.03 5.90±0.04

5 4.59±0.08 5.64±0.03 5.71±0.03 5.85±0.05

6 4.76±0.01 5.60±0.04 5.72±0.03 5.75±0.04

7 4.64±0.06 4.99±0.02 5.65±0.02 5.72±0.05

8 4.58±0.04 5.18±0.01 5.36±0.04 5.93±0.03

9 4.49±0.01 4.80±0.03 4.98±0.01 5.57±0.05

Control 5.54±0.05 5.98±0.01 6.67±0.02 8.04±0.02

*p≤0.05
n=3
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varied depending on the concentration and relative propor-
tions of biologically active ingredients, what was confirmed in
experiment with meat sample. Antioxidant properties were
improved by addition of lysozyme to the composition of sols,
which suggest higher reducing power of smaller chains of
used polysaccharides (HPMC and chitosan). Many papers
have reported water-soluble chitosan that presents higher
physiological activity, such as anti-tumor or lifting immunity
(Jeon and Kim 2002; Qin et al. 2002; Suzuki 1996). However,
antimicrobial component characterized with strong antioxi-
dant properties presents low antimicrobial properties because
the antioxidant activity may play protective function against
bacteria (Rao et al. 2008).
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