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Identification and Natural Control of Mite in Ras Cheese

Dawood SAA™ and Ali FS?
'Dairy Science Department, Faculty of Agriculture, Cairo University, Giza, Egypt

2Department of Zoology and Nematology, Faculty of Agriculture, Cairo University, Egypt

Abstract

Ras cheese samples were found to be predominantly infested with A. siro mite. Clove, thyme, rosemary and citrus essential
oils showed effective acaricidal activity against Ras cheese mites (A. siro). essential oil. However, treatments of clove or rosemary
essential oil negatively affected the cheese flavor. However, degree of acaricidal activity varied according to the type and
concentration of the essential oil. Clove essential oil was found to be the most effective oil against cheese mite. Ras cheese flavor
was improved by citrus or thyme Essential oil type affected the general acceptability of the cheese. Ripened cheese treated with
citrus or thyme essential oil showed more general acceptability than other treated cheeses.

Keywords: Ras cheese; Mite identification; Mite control; Essential
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Practical Applications

Ras cheese is infested with mite especially A. siro. Infestation
with mite lowers the quality of the cheese and causes economic loss.
Chemicals used in controlling mite may pose risks to human health.
Natural substances with acaricidal activity could be an alternative of
chemicals for mite control. This research suggested using clove, thyme,
rosemary and citrus essential oils for controlling mites in Ras cheese. In
addition, using essential oils can reduce microbial contamination and
increase shelf life of Ras cheese.

Introduction

Mites are among the troublesome pests of a wide variety of
stored foods. It is particularly common in foods with high level of
fat and protein, such as nuts, ham, dried eggs and cheese [1]. Hard
and semi hard cheese are Known to be prone to attack of mites. Mites
are more attracted and colonized in Ras cheese as the ripening and
decomposition progresses [2,3]. Cheese mites normally live on the
external surface of cheese, but sometimes penetrate inside. Severe
infestation during curing and storage is usually accompanied by a
considerable development of microorganisms especially fungi, which
results in extensive damage and serious economic loss [4]. Mites
may also consume a large amount of cheese, leaving their debris,
dead bodies and excreta on the cheese as powdery dust disliked by
the consumers and unfit for human consumption. The presence of a
large number of these pests in stored cheese can cause gastrointestinal
disorders in human ingestion [5]. Cheese mites as other storage mites
are also frequently reported as being the cause of several allergic
diseases [6]. Allergic rhinitis, asthma and various types of dermatitis
are frequently reported worldwide among cheese workers and children
[7]. Increased production and storage of large surpluses of Ras cheese
have accentuated the need for protection from mite infestations.
Chemical and physical methods for protecting cheese against mites
have been long applied [8]. However, these methods may adversely
affect physical and rheological properties of cheese and retard cheese
ripening [9,10]. In addition, chemicals may pose risks to human health
[11]. On the other hand, there has been an increasing interest in use of
natural substances for protecting food from pests [12]. The acaricidal
effects of plant essential oils as natural substances have been extensively
reviewed. In various studies more than 150 different essential oils have
been tested for acaricidal effects under laboratory and field conditions
[13]. Several reports suggested the use of essential oils for controlling
mites [14]. On the other hand, essential oils have gained great popularity

as consumers have developed a particular ever-growing awareness
toward the use of natural ingredients in food products [15-17]. In the
current research, mites infested Ras cheese were identified. Potential
acaricidal activity of four essential oils for protecting Ras cheese against
mites was investigated. Effects of essential oils on microbiological and
organoleptic properties of Ras cheese were also determined.

Materials and Methods
Mites isolation and identification

Mites were isolated at the Acarology Lab, Cairo University. Twenty
five Ras cheese samples, of 250 g each were collected in plastic bags
from different grocery stores in Giza, Egypt and its suburbs. Cheese
samples were kept in an incubator at 16 + 2°C and 80% relative
humidity. Mites were extracted from cheese samples by modified
Tullgren funnels with 2 cm deep muslin layers [18]. The isolated
mites were cleared in Nesbitt's solution, and then mounted in Hoyer's
medium on glass slides. Slides were microscopically examined by Leica
Microsystems compound microscope (Nikon polarizing microscope
EClIpsEv100POL). The features of identifying mite species included
idiosoma length, shape of body and legs (Figures 1-4), idiosomal
setae (Figures 1, 2 and 5), solenidia shape (Figure 2), anus and genital
placement (Figures 1 and 6), setae arrangement around the genitals
and anus (Figures 1, 5 and 6) and chaetotaxy of the ventral side (Figures
2,4) [19]. Distinct characteristics were used to identify Acarus siro. On
the back of A. siro’s body there is an incision between the 2nd and 3rd
pair of legs. The males of A. siro possess tarsal and anal suckers as well
as a clearly expressed hook-like extension at the thighs of the first leg
pair. The females possess a claw at the end of each foot. Both sexes
possess 4 long dragging hairs on the back end [20]. For producing
population of A. siro, isolated mites were transferred to rearing
chambers. Dry Baker’s yeast granules were added as food and drops of
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Figure 1: Ventral view of identified A. siro male (Left). Position of leg segments,
genitals, anus, anal suckers, tarsal suckers, and setae of the anus: 3 postanals
(pa1, pa2, and pa3) and preanals (pra). sai = internal sacral setae of A. siro
(from Hughes [1]) (Right).

Figure 2: Femur of 1st leg of A. siro male (left). A. siro’s first Leg has an
enlarged genu and a femur and a spur projecting from the ventral side of the
femur from which arises the seta (VF). Two blunter thickening of the cuticle are
also present on the ventral side of the genu (from Hughes [1]) (Right).

Figure 3: Tarsus of 4th leg of A. siro male (Left). A tarsus of 4th leg of male and
suckers on 4th tarsus of the male are separate from one another by distance
equal to their diameter, and are nearer to the base than to the apex of the
segment (from Hughes [1]) (Right).

Figure 4: Tarsus of 1st leg of A. siro female (Left). Tarsus of 1st leg of female.
Ventral distal spine of tarsi 1 is large, about equal to length of tarsal claw.
Ventro-posterior margin concave tip directed back words (from Hughes [1])
(Right).

water as a source of humidity. Cultures were kept at 20 + 2°C and 60 *
5% relative humidity. For solitary rearing, newly deposited eggs of well
identified females were transferred to plastic blocks of 3x3x0.5 cm (an
egg per a block). Each block contained a small rearing circular chamber
of 1.2x0.4 cm. The bottom of each chamber was filled with mixture
of Plaster of Paris and charcoal. The plastic block was covered with a

rubber band and kept in incubator at 20 + 2°C and 60 + 5% relative
humidity. After hatching, Baker's yeast and drops of water were daily
added. Larvas were kept till reaching adulthood to be used in acaricidal
essay of the essential oils.

Cheese manufacture

Fresh cow and Buffalo milk was obtained from Dairy Pilot Plant at
Cairo University. Raw mixture of cow and buffalo milk at 1:1 of 4.5%
fat and 0.17% titratable acidity was pasteurized at 72°C for 15 s. Starter
culture of Lactococcus lactis subsp lactis in a form of freeze dried-direct
vat set (FD-DVS) was obtained from Danisco (France). Starter culture
was added at 2%. Calcium chloride (CaCl,) was added at 0.01% to milk
at 32°C. The inoculated milk was held for 60 min at 32°C, and then
calf rennet was added at 2%. The coagulum was cut both vertically and
horizontally into 2 cm cubes with a large, two-handled knife. The curd
was allowed to rest in the whey for 5 - 10 min. The curd was heated to
45°C over 30 min and held at this temperature for 30 min more. The
whey was drained when pH reached 6.0. The curd was salted at (2.0%),
hooped in blocks, pressed two days at 2.5 kg/cm?® The produced fresh
cheese cylinders (Figure 7) were placed on stainless steel sieves with
regular flipping under controlled conditions of 16 + 2°C temperature
and 80% relative humidity for 30, 60 and 90 days.

A caricidal essay of the essential oils

Clove (Syzgium aromaticum), thyme (Thymus vulgaris), rosemary
(Rosmarinus officinalis) and citrus (Citrus limon) essential oils were
purchased from Kato Aromatic, SAE (Haraneya, Giza, Egypt). Corn oil
produced by Lesieur (Asnieres-sur-Seine, Cedex, France) was used to
dilute the essential oils. Ras cheese cylinders were sliced to 4x4 cm in
surface area and 4 mm in thickness slices. Cheese slices were placed in
separate 10 cm Petri dishes (Figure 8). Upper surface of three slices were
wiped with clove, thyme, rosemary or citrus essential oils at 0.1, 0.2, 0.4,
0.6, 0.8, 1.0 and 4.0%. Three slices were left without oil treatment to
be used as control 1. Other three slices were wiped with corn oil to be
used as control 2. All petri dishes were left overnight. Twenty A. siro
mites of 7-10 days old were placed on each cheese slice. The Petri dishes
were carefully closed, kept in dark at 16 + 2°C. Mortality of mites was
determined after 24 hours under a stereomicroscope. Mortality was
determined as percentage of dead mites. Mites which cannot move
their appendages when stimulated with a fine pin were considered
dead. The same procedure was followed using Ras cheese stored for 30,
60, and 90 days. Thyme, rosemary, citrus and clove essential oils were
treated at 1.0, 1.0, 0.8 and 0.1%, respectively.

Microbial examination

Outer layer of the cheese cylinders with 1-2 cm deep was separated
for microbiological analysis. Sample of 10 g of fresh and stored for 30,
60 and 90 days were homogenized with vortex in 90 ml of warm (40°C)
2% sterile sodium citrate solution for 3 min. Subsequent serial dilutions
were made in Ringer’s solution. One ml of each dilution was plated
onto a separate 10 cm Petri dish. Then, 20 ml of the specific media was
smoothly added. Five Petri dishes were used for each medium. Nutrient
agar, violet red bile agar, potato dextrose agar were used for counting
total, coliform bacteria, and moulds and yeast, respectively. Protiolytic
bacteria were counted and incubated at 25°C for 3 days. Protiolytic
bacteria were counted according to Frank et al. [21] using plate count
agar plus 10% sterile skim milk. Lipolytic bacteria were enumerated
according to the method described by Diliello [22] using nutrient
agar medium with olive oil. After agar solidification, Petri dishes were
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Figure 5: Anal region of A. siro female (Left). Anal region has five pairs of setae
(from Hughes [1]) (Right).

Figure 6: Genital of A. siro female (Left). Bases of genital setae and flanking
pair of coxal suckers, almost in line. Distance between base of sucker and base
of seta is less than width of setal base (from Hughes [1]) (Right).

Figure 7: A Ras cheese cylinder was placed on stainless steel sieve for
ripening.

Figure 8: Ras cheese slices with surface area of 4x4 cm and thickness of 4
mm treated with clove, thyme, rosemary or citrus essential oils were used for
assaying the acaricidal activity.

aerobically incubated upside-down at 32°C for 72 hours, 30°C for 24
hours, 32°C for 2 days and 25°C for 4-5 days for total, coliform, lypolitic
and protiolytic bacteria, and mould and yeast, respectively. Only plates
with 30-300 colonies were counted. All colonies were counted for total
bacteria. The small non mucoid red colonies were counted for coliform
bacteria. White, cream or yellow colour with fuzzy edges colonies
were counted for mould and yeast. Proteolytic bacteria colonies were
identified by the presence of clear zones around the colonies, after
adding HCl at 1% (v/v) for 1 min. The lipolytic colonies were identified
by copper sulphate at 20%.

Sensory evaluation

Surface of sets of four fresh (green) Ras chees cylinders were wiped
with each of thyme, rosemary, citrus and clove essential oils at 1.0, 1.0,
0.8and 0.1%, respectively. A set of four cheese cylinders were left without
oil treatment to be used as control 1. Other four cheese cylinders were
wiped with corn oil to be used as control 2. The cheese cylinders were
kept in a dark place, allowed to ripe under controlled conditions of 16
+ 2°C temperature and 80% relative humidity. Samples of fresh and
after 30, 60 and 90 days of storage were taken for sensory evaluation. A
panel of 25 assessors of faculty and staff members of Dairy Department,
Faculty of Agriculture, Cairo University, participated in the Descriptive
Sensory Analysis (DSA). These assessors are experienced with sensory
tests of dairy products. The panel of assessors evaluated the products
for flavor, texture, color and odor. The quantity of each descriptive
attribute perceived was scored on a 10 points scale. In addition, panel
members were also instructed to report any comments. Cheese samples
of 20 g were used in evaluation.

Statistical analysis

Data were analysed by one-way ANOVA. LSD multiple
comparisons were used to test the differences between treatments at
P<0.05.

Results and Discussion

Microscopic examination showed that the collected Ras cheese
samples were mainly infested with A. siro and A. Farris of acaridae
and Carpoglyphus lactis of carpoglyphidae. A. siro was found to be
the predominant mite species in the cheese samples and constituted
82% of the isolated mites (Figures 1-6). A. Siro’s predominant food
source is flour, hay, dried fruit and cheese. Elziny [3] found that A. Siro
among other species was found in Ras cheese. Melnyk et al. [23] found
A. Siro to be the predominant mite in two other cheese types. Some
authors reported that fungi growing in the feed are also consumed
by these mites [24]. Clove, citrus, thyme and rosemary essential oils
showed effective acaricidal activity against Ras cheese mites (A. siro).
However, degree of acaricidal activity varied according to the type and
concentration of the essential oil (Figures 9, 9A-D). Clove oil found
to be the most effective oil against cheese mites. LD, (the oral dose at
which 50 percent of the mites were killed) of clove oil was 0.1% with
95 percent of mites mortality. Percentage of mortality reached 100 with
the higher clove concentrations. Clove oil is known to possess potent
acaricidal activity against mites [25]. The primary component of clove
oil is eugenol [26]. LD, of both thyme and rosemary oils was 1.0% with
mortality of 75 and 55%, respectively. Higher concentrations of both
oils improved mites control in the cheese. Rosemary and thyme are
reported to have acaricidal activity [27,28]. Both essential oils were used
for pest control in organic farming [29]. Citrus essential oil reached the
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Figure 9: Effect of essential oils on mortality (%) of A. siro on Ras cheese.
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Figure 9d: Effect of essential oils on Coliform bacteria (%) of A. siro on
Ras cheese.

best acaricidal activity at 0.8%. Control samples treated with corn oil or
without any treatment showed dramatic infestation with mites. Clove,
citrus, thyme and rosemary essential oils showed acaricidal activity
against Ras cheese mites during ripening period (Table 1). Percentage
of mortality on fresh and 30 days old Ras cheese treated with thyme

essential oil was 76 and 75.6%, respectively. After 90 days of storage,
percentage of mortality on the cheese with the same treatment was
74%. Mortality on fresh cheese treated with rosemary essential oil was
59.8% and decreased to 53.6% at the end of storage period. Cheese
treated with citrus essential oil showed the least acaricidal effect after
cheese storage for 90 days with 39.5% mortality. Clove essential oil was
the most effective against mite during the storage period with 94.5%
mortality after 90 days of storage. Besides their acaricidal effect, the
tested essential oils showed anti-microbial activities in Ras cheese
(Figure 10). Moulds on Ras cheese were mentioned to be necessary
for sustaining growth and activity of mites. On other hand, microbial
communities play an important role in cheese ripening and determine
the flavor and taste of the cheese [30]. Fresh cheese samples showed no
significant differences in the total, coliform, proteolytic and lypolytic
bacteria or mould and yeast count among essential oils treatments.
Total, coliform, proteolytic and lypolytic bacteria and mould and
yeast counts were decreased during storage period in all treatments.
Clove essential oil treatment was the most effective in decreasing
microbial counts, followed by thyme, citrus and rosemary essential oils,
respectively. Clove treatment eliminated coliform bacteria and mould
and yeast after 60 days of storage. Clove essential oil was reported to
possess significant antimicrobial effects against many microorganisms
[31,32]. Rosemary essential oil was reported to possess significant
antimicrobial effects against several microorganisms [31]. Thyme
essential oil was considered as a source of a natural antimicrobial
for food industry [33]. Also, citrus essential oil can provide the
natural antimicrobials that the food industry requires to fulfil both
its requirements and those of the consumer [34]. Generally, essential
oils have been long recognized for their antibacterial and antifungal
properties [35-38]. Essential oils were widely used in medicine and
food industry for anti-microbial properties [39]. Citrus and thyme
treatments improved the odour of Ras cheese (Table 2). However, clove
and rosemary adversely affected the cheese odour. Odour is the primary
feature of essential oils when utilized as part of food products. Citral is
the key aroma component of citrus odour and flavour [40]. The main
source of odour in thyme is thymol and carvacrol [41]. On the other

i i Storage Period (Days)
Essential Oil

0 30 60 90

Thyme 76.6 75.6 75.5 74
Rosemary 59.8 54.5 53.8 53.6
Citrus 46.5 42 39.8 39.5
Clove 97.6 97.5 96 94.5

Control 1 25 2.1 1.8 1.6

Control 2 2.3 2.1 1.8 1.7

Table 1: Effect of essential oils on mortality (%) of A. siro on Ras cheese during
ripening.
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Figure 10: (Mould and yeast E) Microbiological analysis of Ras cheese
treated with essential oils (log,, cfu / g).
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Storage Period

Organoleptic Properties

(Days) Treatments (10 points scale) -
Odor Color Flavor Texture Acceptability

Thyme 6.00 9.05 5.20 5.05 5.90

Rosemary 3.95 8.65 4.25 5.10 4.35

0 Citrus 5.85 8.15 4.90 5.04 7.15
Clove 2.90 8.90 3.80 5.05 3.15

Control 1 5.01 9.20 4.10 5.05 5.16

Control 2 5.01 8.70 3.75 5.10 5.65

Thyme 7.05 8.50 5.65 4.63 6.60

Rosemary 5.20 8.85 5.15 4.85 5.05

30 Citrus 7.10 9.20 5.90 4.80 7.05
Clove 2.80 8.90 3.70 4.51 4.35

Control 1 6.05 8.70 5.15 5.49 5.90

Control 2 6.01 8.15 5.05 5.55 5.70

Thyme 7.50 8.80 6.70 5.20 8.10

Rosemary 4.65 8.50 5.00 5.62 5.95

60 Citrus 7.85 8.90 7.65 5.50 8.25
Clove 3.85 9.20 4.05 4.91 5.05

Control 1 6.55 8.85 5.50 6.73 8.00

Control 2 7.15 8.70 5.55 6.79 7.05

Thyme 9.05 8.65 8.70 6.45 8.35

Rosemary 5.70 8.50 5.65 7.1 6.30

90 Citrus 9.20 8.80 8.25 6.90 9.00
Clove 4.45 9.20 5.25 4.85 5.16

Control 1 7.75 8.15 8.15 8.35 8.30

Control 2 8.10 9.05 7.75 8.33 8.35

Table 2: Results of sensory evaluation of Ras cheese treated with essential oils. Means within the same column followed by the same letters are not significantly different

at P<0.05.

hand, eugenol is the major volatile constituent of clove essential oil.
Ras cheese flavor was improved in either citrus or thyme essential oil
treatment (Table 2). However, both oils replaced ranks during cheese
storage. Immediately after treatment, thyme treated cheese was more
favoured by the panel than citrus treated cheese. After 30 days or 60
days of storage, citrus was more favoured than thyme treated cheese.
Finally, after 90 days of cheese storage thyme treatment was more
favoured by the panel. Treatments of clove or rosemary essential oil
negatively affected the cheese flavor from the beginning to the end of
the storage period. Citrus essential oil is used primarily as aroma and
flavoring material in many food products [42-44]. Thyme was also be
used to enhance the flavor of several food products. Thyme aromatic
herb was used extensively to add a distinctive aroma and flavor to food
[45]. Clove, thyme, citrus or rosemary essential oils adversely affected
the body and texture of the cheese. Clove oil was the most effective
treatment on changing body and texture, followed by thyme, citrus
and rosemary, respectively. The effect of the tested essential oils on the
texture was increased as the storage period of the cheese increased. The
adversely effect of the cheese texture may be due to the anti-proteolytic
and lypolytic bacterial effect of the tested essential oils. None of the
treated essential oils had an effect on the color of the cheese. Essential
oil type affected the general acceptability of the cheese. Ripened
cheese treated with citrus or thyme essential oil showed more general
acceptability than other treated cheeses.

Conclusion

Plant essential oils can provide an alternative mean for protecting
Ras cheese against mites during ripening, storage and marketing.
Clove, citrus, thyme and rosemary essential oils showed acaricidal

activity against Ras cheese mite A. siro. Degree of acaricidal activity
varied according to the type and concentration of the essential oils.
Clove oil was found to be the most effective against cheese mites. The
tested essential oils can also protect Ras cheese from microorganisms
that may be necessary for sustaining growth of mites. Mites may
cause significant problems to Ras cheese during ripening, storage
and marketing. The predominant Ras cheese mite was identified as
A. siro. Mites could be controlled by chemical or physical treatments.
However, these treatments may have reverse effects on the cheese
properties and consumers’ health. There has been increasing interest
in the use of natural substances for protecting food staff. Plant
essential oils are concentrated hydrophobic liquids containing volatile
aroma compounds. Plant essential oils may provide an alternative
means for protecting food products [46]. Acceptability is one of the
most important criteria for consuming cheese [47]. The organoleptic
properties of Ras cheese was found to be affected by the tested essential
oils. Ras cheese flavor and odor were found to be improved by citrus
or thyme essential oils. Ripened cheese treated with citrus or thyme
essential oil showed more general acceptability than other treated
cheeses.
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