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Abstract
The effects of chitosan (C) coating with or without lysozyme (L) or natamycin (N) on shelf-life,

microbial quality, and sensory properties of Halloumi cheese held at 3 8C or 25 8C in 5%, 10% or

15% (w/v) NaCl were examined. Coatings increased cheese shelf-life by�5 days than the control

when brined in 5% and 10% NaCl at 3 8C but did not affect the shelf-life of cheese in 15% NaCl.

Nonetheless, coatings reduced psychrotrophs, anaerobes, lactic acid bacteria, and yeasts and

molds by 1.8 to 2.2 log in 15% brined cheese. Reductions of microbial species contaminating Hal-

loumi cheese at 10% and 15% brine were not significantly different with CL and CN coatings

throughout storage at 3 8C. Coatings did not adversely affect sensory properties of cheese. There-

fore, brine concentration could be reduced to 10% for CL and CN-coated cheeses.

Practical applications
Results support the possibility of reducing the high salt concentration in brine solution of Halloumi

cheese by using a chitosan coating containing lysozyme or natamyc in which provided similar

shelf-life and microbial stability. The coatings did not adversely affect the sensory properties of

cheese and can be applied by a simple step during processing which facilitates their use in the

food industry.

1 | INTRODUCTION

Halloumi cheese, a semi-hard to hard white brined cheese, is extremely

popular in the Middle East and the Mediterranean region. During proc-

essing, Halloumi cheese is boiled in salt solution which eliminates most

of the contaminating microorganisms, except thermoduric bacteria

including some species of lactic acid bacteria (LAB). The metabolic activ-

ity of LAB may increase the internal acidity of cheese and thus contrib-

ute to the development of desired flavor as well as limit the growth of

other species (Bintsis & Papademas, 2002; Kaminarides, Stamou, &

Massouras, 2007; Kamleh, Toufeili, Ajib, Kanso, & Haddad, 2012).

Under normal processing conditions, vacuum packaged Halloumi cheese

has a shelf life of 3–7 days at 20–25 8C or 40–80 days at 4–5 8C (Kam-

leh et al., 2012; Papademas & Robinson, 1998). However, microbial

contamination of cheese surfaces during processing by handling and

from food contact surfaces are considered the main reasons for early

shelf-life termination of Halloumi cheese (Papademas & Robinson,

2000; Somers, Johnson, & Wong, 2001). A variety of microbial species

has been isolated from Halloumi cheese including thermophilic spore

forming anaerobes such as Bacillus and Clostridium, facultative microor-

ganisms such as LAB (Lactobacillus spp. and Enterococcus faecium) and

foodborne pathogens such as Listeria monocytogenes. Yeasts such as

Candida species, Pichia membranifaciens and Debaromyces hansenii were

also isolated at 2.3–2.8 3 105cfu/g from Halloumi cheese or its brine

solutions (Bintsis & Papademas, 2002; Papademas & Robinson, 2000).

Processing of Halloumi cheese involves a brining step in which

cheese is placed in 14–16% aqueous NaCl solution for �18 hr before

being vacuum packaged. During this step, salt penetrates the cheese

matrix which limits microbial growth and provides desirable flavor.

However, the high salt content could have adverse effects on con-

sumer health (Papademas & Robinson, 1998). Substituting NaCl with

KCl in a 16% brine solution of Halloumi cheese did not affect LAB

numbers, whereas use of lower salt concentrations (� 12%) in brine

allowed heterogeneous spoilage microorganisms to grow (Ayyash &
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Shah, 2010; Bintsis & Papademas, 2002). Limited investigations have

been carried out to control microbial growth and extend the shelf-life

of vacuum-packaged Halloumi cheese by using preservation methods

other than brining in high salt solutions.

Chitosan is a natural bio-degradable and nontoxic polysaccharide

that is derived from chitin by deacetylation. It exerts antimicrobial activ-

ity against a wide range of microorganisms including Gram positive and

negative bacteria and fungi by damaging cellular membrane permeability

(Goy, Douglas, & Odilio, 2009; Helander, Nurmiaho-Lassila, Ahevanaien,

Rhoades, & Roller, 2001; Liu, Du, Wang, & Sun, 2004). Chitosan can be

used to form transparent films or coatings which have significant natural

antimicrobial activity on cheese brought about by stabilizing high con-

centrations of antimicrobial compounds on food surfaces (Cerqueira

et al., 2009; Fajardo et al., 2010; Park, Daeschel, & Zhao, 2004). It has

been reported that coating different types of cheese with chitosan-

based films significantly extended their shelf-life (Altieri, Scrocco,

Sinigaglia, & Del Nobile, 2005; Di Pierro, Sorrentino, Mariniello, &

Giosafatto, 2011; Mei, Yuan, Wu, & Li, 2013). In addition, the antimicro-

bial activity of chitosan coatings on cheese can be intensified and

broadened when combined with other antimicrobial compounds,

particularly lysozyme or natamycin (C�e, Nore�na, & Brandelli, 2012; De

Oliveira, Soares, Pereira, & Fraga, 2007; Ture, Eroglu, Ozen, & Soyer,

2011). Lysozyme has antimicrobial activity especially against Gram posi-

tive bacteria, whereas natamycin is an effective antifungal compound

(Hughey & Johnson, 1987). Chitosan-lysozyme composite films and

coatings were effective in reducing the numbers of Listeria monocyto-

genes, Escherichia coli and Pseudomonas fluorescens inoculated on vac-

uum packaged Mozzarella cheese over 14 days at 10 8C (Duan, Park,

Daeschel, & Zhao, 2007). Combining chitosan with calcium alginate plus

lysozyme and modified atmosphere packaging prolonged the shelf-life

of Fio di latte cheese by 5 days at 4 8C (Del Nobile, Gammariello, Conte,

& Attanasio, 2009). Chitosan coating containing 0.05 mg/ml natamycin

significantly decreased molds/yeasts and numbers of mesophilic bacte-

ria in Saloio cheese over 27 days at 4 8C (Fajardo et al., 2010).

The objective of the current study was to determine the effects of

chitosan coatings with or without lysozyme or natamycin on the shelf-

life, microbial quality and sensory properties of Halloumi cheese when

brined in normal (15% w/v) and reduced salt (5% and 10% w/v) solu-

tions during storage at 3 8C and 25 8C.

2 | MATERIALS AND METHODS

2.1 | Halloumi cheese manufacturing

Halloumi cheese was manufactured according to Kamleh et al. (2012)

and Papademas and Robinson (1998) with some modifications. Briefly,

100 L raw cow’s milk was heated to 38 8C. Then, 200 g CaCl2 and 1 g

rennet were added to the milk with gentle mixing for 2 min. After 50

min the coagulum was cut into grains, rested for 10 min and transferred

into molds lined with cheesecloth for draining and pressing at� 400 to

550 kPa for 1 hr. The resulting cheese was cut into 10 3 20 3 3 cm

blocks. Cheese whey was collected and heated at 95 8C for 10 min in

the presence of 0.5% citric acid for de-proteination. The curd blocks

were placed in the deproteinized whey at 95 8C until they floated to the

surface (30-60 min). The blocks were removed from the whey, folded,

allowed to cool, and placed in stainless steel containers. Solutions of

5%, 10%, and 15% (w/v) NaCl were preheated at 100 8C for 10 min and

added to cover the cheese blocks, which were then kept at room tem-

perature for 18 hr. Another set of cheese was covered with similar brine

solutions for 8 days and used to study salt content of the cheese.

2.2 | Salt content of brined cheese

The internal and surface salt content of the brined cheeses were exam-

ined after 18 hr (normal) and after prolonged (8 days) brining at 25 8C

before being coated and packaged. Surface samples of cheese were

obtained by using a presterilized fruit peeler which was adjusted to

provide sheets with a thickness of 1–2 mm. Internal samples of the

cheese were collected using a presterilized cork borer after removing

the cheese sheets (rind) from the outside of the sample area. The salt

content of the samples was determined according to AOAC method

no. 935.43 (Association of Official Analytical Chemists [AOAC], 1990).

The equilibrium salt content of cheese at each brine concentration was

calculated according to Tukan and Humeid (1991).

2.3 | Preparation of chitosan (C), chitosan-lysozyme
(CL) and chitosan-natamycin (CN) coatings

Chitosan (75-85% deacetylation, medium molecular weight; Sigma-

Aldrich, St Louis, MO, USA) solutions were prepared by dissolving

2.75% chitosan in a 1% acetic acid (J.T. Baker Chemical Co, Phillips-

burg, NJ, USA) solution. Glycerol (Sigma-Aldrich), as a plasticizer, was

added at 25% (w/w) of chitosan in the chitosan solution. Lysozyme

(Sigma-Aldrich) stock solution was prepared by dissolution at 10% (w/

v) in distilled water with the addition of 25% (w/w) glycerol/lysozyme).

The lysozyme solution was then mixed with the chitosan solution at a

concentration of 60% (w/w) lysozyme/chitosan (Duan et al., 2007).

Natamycin (0.05mg; Archer Daniels Midland, Decatur, IL, USA) and

0.2 g Tween 80 (Labchem, Zelienople, PA, USA) as a surfactant were

mixed for 30 min with 100 ml of chitosan coating solution using a mag-

netic stirrer (Fajardo et al., 2010). The solutions were then homoge-

nized at 3,000 rpm for 60 sec and filtered through nylon mesh (Merck

Millipore, Darmstadt, Germany) to remove insoluble residues and

degassed by a vacuum pump (Sartorius, Goettingen, Germany).

2.4 | Cheese treatment, packaging, and storage

After brining for 18 hr, cheese blocks were removed from brine solu-

tions, left to dry for 30 min, dipped in the chitosan coating solutions

for 10 sec and left to dry for 1.5–2 hr in a laminar flow hood at room

temperature. Uncoated (control) cheese samples were stored for direct

sampling. The coated and uncoated cheese blocks were vacuum-

packaged (Orved, EVOX30, Musile di Piave, Italy) in bags made of a 90

mm polyamide/polyethylene multilayer copolymer film. The packaged

cheese was stored at 3 8C or 25 8C and sampled at 5, 10, 15, 20, 25,

30, and 35 days of storage to monitor the effect of treatments on the

microbial content of coated cheese.
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2.5 | Microbiological examination

Total numbers of mesophilic, psychrotrophic, anaerobic, and LAB plus

yeasts and molds were measured in cross section (surface and internal)

samples of cheese according to standard methods (BAM, 2001) by the

pour plate technique. Samples (11 g each) were used for preparation of

homogenates (1021) using a stomacher (Hardy Diagnostics, Santa Maria,

CA, USA). Serial dilutions (up to 106) of cheese homogenates were asepti-

cally prepared and plated on plate count agar (HiMedia, Mumbai, India)

and incubated at 37 8C for 72 hr under aerobic and anaerobic conditions

for mesophilic and anaerobic bacteria, respectively. Anaerobic conditions

were created using anaerobic atmosphere generating bags (Sigma-Aldrich)

after placing the assigned petri dishes in an anaerobic jar. For psychro-

trophs, aerobic plate count agar was used but incubation was at 10 8C for

7 days. LAB were enumerated by plating on MRS agar (HiMedia) and the

incubation was at 30 8C for 72 hr under anaerobic conditions. Yeasts and

molds were enumerated using plate count agar supplemented with 100

ug/ml of two antibiotics (chloramphenicol and chlortetracycline-HCl; Pan-

reac, Darmstadt, Germany) incubated at 25 8C for 5 days.

2.6 | Sensory properties of coated cheese

To determine if addition of the coatings imparted any detectable sen-

sory effect on cheeses, freshly coated samples at the three brine con-

centrations were analyzed by 20 trained sensory panelists (University

of Jordan staff and graduate students). Five staff and 15 graduate stu-

dents of age 24 to 50 years were randomly selected to perform sen-

sory testing. In summary, the panelists were provided coded cheese

samples in separate polyester plates and a question sheet to evaluate

cheese properties (color, aroma, taste and overall acceptability) based

on a nine point hedonic scale (Mehyar, Al-Ismail, Han, & Chee, 2012).

To prevent carry effect of high-salt concentrations, panelists were

instructed to wash their palates several times using bottled water

between sample evaluations. Sensory evaluation was repeated on

three different days for each panel. The analysis was conducted in an

odorless, adequately lighted, quiet laboratory.

2.7 | Statistical analysis

Treatments were conducted in duplicate and duplicate samples were

taken from each package. An analysis of variance (ANOVA) was carried

out using JMP®Pro 10.0.0 64- bit edition (SAS, 2012) and means were

separated by the least significant difference (LSD) method. A complete

randomized design (CRD) with coatings as treatments and error was

randomly assigned for the analysis. Significance was identified when

p< .05.

3 | RESULTS AND DISCUSSION

3.1 | Salt content of cheese

Figure 1 shows the internal and surface salt content of cheese brined

in solutions with 5%, 10%, and 15% salt and stored for 18 hr or 8 days

at room temperature and the calculated equilibrium salt content of

cheese. The internal and surface salt contents of cheese were not sig-

nificantly different (p� .05) in10% or 15% brine solutions, regardless of

the storage time. However, with cheese brined in 5% NaCl the internal

salt content of those brined for 18 hr was significantly (p< .05) lower

than the surface salt levels of cheese brined for 18 hr or 8 days and

the internal salt content of those brined for 8 days. In the case of 10%

and 15% brine solutions, the amount of salt absorbed exceeded 50%

of the equilibrium salt content during the first 18 hr of storage, but

was lower than that in the case of 5% brine. It was also noted that the

internal and surface salt content of cheese increased with increasing

brine concentration. In all brine solutions, the amount of salt absorbed

by the cheese did not reach the equilibrium salt concentration during

the 8 days brining period. Tukan and Humeid (1991) reported that the

salt content of white brined cheeses required at least three weeks to

reach the salt equilibrium concentration. Halloumi cheese is normally

vacuum-packaged after overnight (�18 hr) brining; therefore, it is usu-

ally packaged before reaching the equilibrium salt content. Maximum

salt absorbed in Halloumi cheese was 5.9% and 6% for surface and

internal samples, respectively, at 8 days and would not be able to

inhibit the growth of most of the contaminating microorganisms (Jay,

Loessner, & Golden, 2005).

3.2 | Growth pattern of mesophilic aerobes in

Halloumi cheese

All the developed coatings appeared clear and homogenous on the sur-

face of the vacuum-packaged cheese with no visually detectable differ-

ences between the treated and the control cheese. Both storage

temperature and salt concentration of the brine solution affected the

growth rate of mesophilic aerobes, although the former was more

effective (Figure 2). Differences between coatings (C, CL and CN) were

apparent at the lower temperature (3 8C), whereas no significant differ-

ences (P�0.05) between treatments were detected at 25 8C. All coat-

ings resulted in significantly (P<0.05) lower mesophilic aerobes than

the control at 20 days and 10-15 days at 25 �C, on cheese brined in

10% and 15% NaCl, respectively (Figure 2d,f). Whereas at 3�C, the CL

coating was the most effective followed by C and by CN coatings at all

brine concentrations throughout storage, as determined by their

FIGURE 1 Salt content (internal and surface) of uncoated
Halloumi cheese brined in 5%, 10%, and 15% NaCl solution for 18
hr and 8 days at 25 8C. Values with common letters at the same
brine concentration are not significantly (p� .05) different
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relative capability to inhibit growth of mesophilic aerobes (Figure 2a,c,

e). Our results are in line with those of Duan et al. (2007) who reported

that the protective effect of CL coating was lost against E. coli and L.

monocytogenes when the storage temperature was greater than 10 �C.

Although the CN coating was the least effective, it was sufficient to

keep mesophilic aerobe numbers significantly (p< .05) lower than the

control throughout storage and at most brine concentrations used

when stored at 3 8C except during�20 days in 5% brined cheese (Fig-

ure 2a). When stored at 3 8C, the antimicrobial effectiveness of coat-

ings was greater in 15% brine treatments than at 5%, which could

indicate additive or synergistic interactions of residual salt inside the

cheese, the low storage temperature and the antimicrobial activity of

coatings (Figure 2a,e).

3.3 | Microbial shelf-life of Halloumi cheese

The end of the microbial shelf-life of Halloumi cheese was considered

to be when the numbers of mesophilic aerobes reached 4 log cfu/g

(Kamleh et al., 2012). Table 1 and Figure 2 show the shelf-life of Hal-

TABLE 1 Shelf-life (d) of uncoated (control) and coated (C, CL or
CN) Halloumi cheese held in 5%, 10%, or 15% brine during storage
at 3 8C and 25 8C

Brine concentration Coatinga 3 8C 25 8C

5% Control 10 5.5

C > 35 7
CL > 35 7
CN 15 7

10% Control 25 7

C >35 8
CL >35 8.5
CN >35 8.5

15% Control >35 8

C >35 11
CL >35 10
CN >35 11

aChitosan (C), chitosan-lysozyme (CL), chitosan-natamycin(CN).

FIGURE 2 Growth curves of mesophilic aerobes in 5% (a,b), 10% (c,d), 15% (e,f) brined cheese treated with C, CL and CN coatings during
storage at 3 8C (a,c,e) and 25 8C (b,d,f). The dotted line represents the end of shelf-life
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loumi cheese kept in different brine concentrations and stored at 3 8C

and 25 8C. Cheese shelf-life reached 10, 25, and>35 days for the con-

trol samples kept at 3 8C in 5%, 10%, and 15% brine solutions, respec-

tively. Shorter shelf-life (5.5 days, 7 days and 8 days, respectively) was

observed with the control when it was stored at 25 8C (Table 1). Kamleh

et al. (2012) reported that the shelf-life of vacuum-packaged Halloumi

cheese brined in 12–14% NaCl solutions varied between 2.6 and 79.6

days during storage of cheese at 25 8C and 5 8C, respectively. Addition-

ally, Papademas and Robinson (1998) reported that Halloumi cheese in

11% brine packed in shrink wrap could be stored successfully for a

week at 20 8C or for 40 days at 4 8C. However, compositional variations,

differences in processing procedures and conditions including the brine

concentration used for the cheese, the initial microbial load and hygienic

conditions could be responsible for variations in shelf-life observed

between studies (Bintsis & Papademas, 2002).

The different coatings were more effective in extension of cheese

shelf-life at 3 8C than at 25 8C (Table 1). All coatings extended the

shelf-life of cheese to>35 days at 3 8C for all brine concentrations

with the exception of the CN coating in 5% brine, which may indicate

that some microbial species were able to overcome effects of the CN

coating at the lower (5%) brine concentration. The shelf-life of the con-

trol cheese in 15% brine stored at 3 8C was not significantly different

(p� .05) from the coated samples. This could indicate that 15% brine

alone was effective in extending shelf-life>35 days, while the coatings

did not show any additional effect (Table 1). The shelf-life of cheese

stored at 25 8C increased with increasing brine concentration but no

differences (p� .05) were detected between these samples at the

same brine concentration. Because different coatings were not effec-

tive in extending the shelf-life and providing microbial inhibition in

cheese samples brined in 5% and 10% NaCl during storage at 25 8C

(Table 1 and Figure 2), results of these samples are not described in the

following subsections.

3.4 | Antimicrobial effectiveness of chitosan coatings

(C, CL and CN) against contaminating microorganisms

in 15% brined cheese stored at 3 8C or 25 8C

The antimicrobial efficacy of different coatings against contaminating

microorganisms varied with the type of microorganisms and storage

temperature (Figure 3). Among microbial groups, psychrotrophs were

the most sensitive because they were reduced the greatest (2.2 log)

after 20 days storage at 25 8C by the C coating, but all other microor-

ganisms were more resistant (Figure 3b). Coma, Deschamps, and

Martial-Gros (2003) reported that coating of Emmental cheese with C

effectively reduced (�2 log) Pseudomonas aeruginosa previously inocu-

lated on cheese surfaces. Chitosan coating was effective in reducing P.

fluorescens (0.8 log) and L. monocytogenes (1.0 log) inoculated on the

surface of Mozzarella cheese and adding lysozyme to the C coating sig-

nificantly improved its antimicrobial effectiveness against both microor-

ganisms (Duan et al., 2007). Figure 3 also shows that the C coating was

the most effective (p< .05) coating against psychrotrophs at 25 8C and

3 8C (Figure 3a,b), but was more effective (maximum reduction 1.8 log

cfu/g) at 3 8C than at 25 8C against anaerobes during 20–35 days of

storage (Figure 3c,d). Lower storage temperature represents an addi-

tional hurdle to microbial growth, and this effect increases as it moves

away from the optimum growth/multiplication (G/M) range of the tar-

get microorganism (Jay et al., 2005). Storage at 3 8C would be expected

to have a greater inhibitory effect on anaerobic bacteria than on psy-

chrotrophs since the optimum temperature for the latter is about 7 8C.

It was reported that storage at 4 8C enhanced the antimicrobial activity

of lysozyme against thermophilic microorganisms (Hughey & Johnson,

1987). Furthermore, C which was used at 2.75% in 1% acetic acid solu-

tion formed a gel at 3 8C, but a viscous solution was created at 25 8C.

Viscous solutions can more easily enter the microbial cell wall and

membrane than a gel, therefore they act better at the higher than

lower storage temperature (Aider, 2010; Li, Feng, Yang, Wang, & Su,

2008). Altieri et al. (2005) reported that the addition of C to Mozzarella

cheese starter culture had no effect on lactic acid bacterial numbers in

the cheese during 10 days storage at 4 8C. However, the antimicrobial

activity of C is affected by multiple factors such as its molecular weight,

degree of deacetylation and derivatization, species of target microor-

ganisms, and surrounding conditions such as pH or ionic strength

(Aider, 2010; Coma et al., 2003; Kim, No, & Prinyawiwatkul, 2007;

Kong, Chen, Xing, & Park, 2010).

Addition of lysozyme to C coating improved its antimicrobial activ-

ity against the LAB at both storage temperatures (Figure 3e,f). The

enhancing effect of lysozyme in the C coating could indicate that C

under the experimental conditions used did not inhibit all species of

LAB, therefore lysozyme may have inhibited the most resistant species

that were not inhibited by the C coating (Goy et al., 2009; Kong et al.,

2010). It was reported that lysozyme was released in a controlled man-

ner from C film suspended in phosphate buffer. Therefore, it is likely

that it is neither tightly bound nor quickly released from the coating

and could maintain desired levels of the antimicrobial on the food sur-

face (Park et al., 2004). Lysozyme plus C in calcium alginate used to

coat Fior di latte cheese was significantly more antimicrobial than indi-

vidual treatments against LAB during storage at 4 8C for 10 days (Del

Nobile et al., 2009). In another study, it was reported that lysozyme-C

films were significantly more effective in decreasing LAB such as S. fae-

calis than C alone in broth culture (Park et al., 2004). Lysozyme acts on

the peptidoglycan of Gram positive bacteria by breaking the bonds

between N-acetyl muramic acid and N-acetylglucosamine, allowing

easier attack of the inner membrane by C (Benkerroum, 2008).

Yeasts and molds were inhibited more by C and CN coatings than

by the CL coating at both storage temperatures (Figure 3g,h), indicating

that storage temperature did not act as an additional hurdle against

most contaminating fungal species (Bintsis & Parademas, 2002; Papa-

demas & Robinson, 2000). It is reported that only C with high molecu-

lar weight (> 440 kDa) has antifungal effectiveness by degrading the

fungal cell wall and interfering with enzyme activity. Natamycin acts

only against fungi, although its effectiveness is strain dependent (Altieri

et al., 2005; Duan et al., 2007; Fajardo et al., 2010; Goy et al., 2009).

Natamycin inhibits yeast growth and kill cells by binding to ergosterol

present in leaflets of the membranes without affecting the permeability

of the plasma membrane (Tewelscher, Ten Napel, Balagu�e, Souza, &
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Riezman, 2008). Fajardo et al. (2010) reported that natamycin in C

coating created an additional hurdle for yeasts and molds on cheese

and possibly extended shelf-life through controlled release of natamy-

cin from the C coating over time.

Enhancement of antifungal effectiveness of edible coatings by

natamycin addition (5–20 mg/10 g film) with a reduction of>2 log

cfu/g of A. niger inoculated on the surface of Kashar cheese and stored

30 days at 10 8C was reported by Ture et al. (2011). However, C�e et al.

(2012) reported that adding natamycin to C did not increase its antifun-

gal activity against two fungal species in well diffusion tests, but

showed increased effectiveness when they were used together as a

coating on minimally processed pear cubes. Duan et al. (2007) reported

that C coating was marginally effective (� 0.64 log cfu/g reduction)

against yeast and mold inoculated on Mozzarella cheese, and that addi-

tion of lysozyme to the C coating did not increase the coating antifun-

gal effectiveness.

3.5 | Antimicrobial effectiveness of chitosan coatings

(C, CL and CN) in 5% and 10% brined cheese during

storage at 3 8C

In an attempt to reduce the high salt content of cheese brine solutions

using edible coating preservatives, the antimicrobial effectiveness of

5% and 10% brine solutions was tested by monitoring the microbial

content of cheese treated with C coatings and compared to those of

15% brined cheese. Although the different coatings showed similar

FIGURE 3 Reductions of psychotrophs, anaerobes, LAB and yeasts and molds in 15% brined cheese coated with C, CL, and CN during
storage at 3 8C (a, c, e, g) and 25 8C (b, d, f, h) for 35 days. Values with common letters at the same storage time are not significantly
(p� .05) different
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inhibitory patterns against the tested microorganisms, the 10% (Figure

4b,d,f,h) and 15% (Figure 3a,c,e,g) brine solutions were more antimicro-

bial than the 5% (Figure 4a,c,e,g) at 3 8C. Chitosan disrupts the barrier

properties of cell membranes which could allow easier access of resid-

ual salt in cheese to the inside of microbial cells, and therefore acts as

additional hurdle to enhance effectiveness of the coatings (Helander

et al., 2001). At 10% brine, C coating was the most effective against

psychrotrophs and anaerobes, whereas CL and CN coatings were the

most effective against LAB and yeasts and molds, respectively, for

cheese stored at 3 8C (Figure 4).

Table 2 shows significant differences between microbial reductions

at 5%, 10% and 15% brine, categorized according to type of coating,

microorganism type and storage time at 3 8C. It is noticeable that CL

and CN coatings resulted in no significant differences (p� .05) between

microbial reductions at 10% and 15% brine regardless of microbial type

and storage time. The microorganisms monitored had similar reductions

at 10% and 15% brine, regardless of coating type and storage time.

Also, all coatings showed similar reductions of all microorganisms at

10% and 15% brine except after 30 days at 3 8C (Table 2). These results

suggest that CL and CN coatings had similar inhibitory effects against

the tested microorganisms in cheese brined at 10% and 15% NaCl dur-

ing 35 days storage at 3 8C. Therefore the salt content of brine solution

for Halloumi cheese could be reduced from 15% to 10% and still pro-

vide the same level of protection as15% brine with CL and CN coatings

stored at 3 8C. Cheese brined in 5% solution had significantly (p< .05)

lower reductions in the presence of all coatings against the tested

microorganisms up to 35 days, indicating that the tested coatings could

not compensate for the loss of preservation by brine at 5% (Table 2).

FIGURE 4 Reductions of psychotrophs, anaerobes, LAB and yeasts and molds in cheese brined in 5% (a, c, e, g) and 10% (b, d, f, h)
solutions and coated with C, CL, and CN during storage at 3 8C for 35 days. Values with common letters at the same storage time are not
significantly (p� .05) different
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3.6 | Sensory evaluation of cheese with different
coatings and brine solutions

The coatings did not cause significant changes in color or aroma of

cheese compared to the control at all brine concentrations Figure 5.

Chitosan and CL coatings, however, significantly (p< .05) improved the

taste scores of 5% brined cheese and taste and overall acceptability of

10% brined cheese. The CN coating did not negatively affect the taste

or overall acceptability of cheese at all brine concentrations. Altieri

et al. (2005) reported that C used in cheese milk had no significant

effects on the sensory characteristics of Mozzarella cheese. Di Pierro

et al. (2011) also reported that there were no differences in visual

appearance, texture, flavor or odor between uncoated and chitosan-

whey protein-coated Ricotta cheese.

4 | CONCLUSIONS

Halloumi cheese did not reach equilibrium salt content when brined in

5%, 10% or 15% NaCl solutions during normal brining procedures, and

these levels of brine did not inhibit the growth of contaminating micro-

organisms. The brine used for Halloumi cheese could be reduced from

15% to 10% by using CL or CN coatings and still provided the same

shelf-life and inhibition of most contaminating microorganisms. All chi-

tosan coatings used did not adversely affect the sensory properties of

Halloumi cheese.
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