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ARTICLE HISTORY ABSTRACT

Received: 21.12.2019 Objectives: The present study was designed to investigate the efficacy of clove powder
and thyme oil against experimentally-induced candidiasis in broiler chicken.

Revised: 17.05.2020 Design: Randomized controlled experimental study.

Animals: One hundred and twenty five chicken of one month old were used in this study
Accepted: 18.05.2020 Procedures: Chicken were randomly allocated into 5 equal groups of 25 bird each. The
first group was used as a negative control which received no treatment. The second
group was experimentally infected with candida (C. albicans), and served as a positive
control. Meanwhile, the third, fourth and fifth groups were also experimentally infected
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and fluconazole (5 mg/kg) respectively, for 10 days after the appearance of the
symptoms of candida. The symptoms included delayed gastrointestinal transit times,
static crop or sour crop, anorexia and regurgitation. The normal thin wall of the crop
become thickened with a complete crop stasis.

Results: Administration of clove powder and thyme oil improved the symptoms induced
by C. albicans and increased PCV %, ALT and AST level, with a decrease in erythrocyte
count and total leukocyte count. Clove powder increased creatinine levels, while thyme
oil decreased them. The tested plants induced marked histopathological alteration in
crop, lung, intestine and gizzard of treated birds.

Conclusion and clinical relevance: Clove powder and thyme oil can be used as an
alternative medicine for the treatment of candidiasis in chicken.

Keywords: : Clove powder, Thyme oil, Candida, Chicken

1. INTRODUCTION according to the degree of severity into superficial (mucosal)

. . . or systemic candidiasis [4].
Poultry is considered as one of the most important

source of animal protein of high biological value all over the
world. The meat of poultry provides protein of high biological
value, minerals and vitamins [1]. The contamination of
poultry diet with mycotoxins-producing fungi is considered as
one of the serious problems confronting poultry breeders
worldwide [2].

Mycotic infections are common in poultry farms. A
common pathogen is candida albicans, which is considered a
part of the normal flora of mucous membranes. It is present
in the environment and can invade animals and humans [3].
Chickens and other avian species can be affected by Candida
albicans causing Candidiasis. This fungus induces its lesions
mainly in the crop of the affected bird (e.g. crop mycosis or
thrush). Candidiasis affects mainly the young bird (chicks)
resulting in stunning and death. Candidiasis is classified

The control of mycotic infections necessitates the use of
antifungal drugs. The introduction of new antimycotic agents
is always required due to the increase of mycotic resistance
to the usual antifungal drugs. The search for new natural
antimycotic agents is important to overcome the treatment
cost, the fungal resistance to the synthetic antifungal agents
and the narrow spectrum and fungi static effect of the
available antimycotic agents [5]. Plants are one of the most
important and traditional sources of medicines. Several drugs
used in modern system are of natural source (natural herbs).
The use of herbal agents has many advantages as they are
safe, economic, effective and easy to administrate [6].

Thymus vulgaris is a medicinal herb that belongs to the
family Lamiaceae. Thymus has many useful effects as
antiseptic, antispasmodic, antimicrobial and expectorant [7].
The antimicrobial activity of thymus is attributed to its active
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component (thymol and carvacrol). In addition, the active
components improve the viability and growth of treated birds
due toits antibacterial, antimycotic and antioxidant activities.
Clove is a plant that is widely cultivated in many countries,
though earlier production of the plant was in China. Its
antimicrobial potential was established when its essential oil
extracts killed many gram-positive and gram-negative
organisms including some fungi. The antimicrobial activity of
clove is attributable to eugenol, oleic acids and essential oils.
Clove and its essential oil is one of the plant extract that could
improve growth performance in broilers [8].

The present study was therefore carried out to
investigate the efficacy of thyme essential oil and clove
powder against experimentally induced candidiasis in broiler
chicken.

2. MATERIALS AND METHODS
2.1 Animals

One hundred and twenty five (125) clinically healthy non-
vaccinated chicks with an average body weight of 45 £ 3 gm
were purchased from a local poultry farm in Gamasa city,
Dakahlia Governorate and were reared for one month before
the start of the experiment. Two weeks prior to the start of
the experiment, the chickens were accommodated at the
poultry laboratory at Animal Health Research Institute,
Mansoura. The chickens were kept under a good hygienic
condition and were fed on a ration containing (Yellow corn,
choline chloride 60 % (2240), soybeans 48 %, limestone
powder, mix vitamins (2955), table salt, corn gluten 60 %,
calcium phosphate two, soy vegetable oil and sunflower,
mixture of mineral salts (2459) and D L Methionine). The
chickens were divided into five groups of 25 birds each.

2.2. Induction of candidiasis

Induction of C. albicans was achieved using a 0.1 ml
suspension containing 3x108 C. albicans viable cells [9]. For all
chickens, a cotton swab containing the suspension was rolled
twice inside the mouth cavity of the birds and was repeated
twice daily with 48 hrs intervals. The infected chickens were
examined carefully for the presence of the lesions in the oral
cavities before starting of treatment protocol.

2.3. Experimental design

After 72 hours of the start of the experiment, chickens
were randomly allocated into five equal sized groups (each of
25 birds). The first group served as non-infected group and
received no treatment (a negative control). The second group
was infected non-treated group (a positive control), as birds
in this group was experimentally infected with Candida and
received no antifungal agents. The third group was infected
with candida and received a basal diet mixed with thymol oil
(Sigma Aldrich, Germany) at a rate of 200 ml/Kg diet for two
weeks, according to the method used previously [10]. The
fourth group was infected with candida and received a basal
diet amended with 2 % clove powder (20 gm/kg diet) for two
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weeks, according to a previously applied protocol [11]. On the
other side, chicken of the fifth group were infected with
candida and received fluconazole (SEDICO Company, 6
October City, Egypt) orally in drinking water at a dose of 5 mg/
kg BW once daily for 10 days [12].

2.4. Blood sampling

Blood samples were collected from five chickens of each
group after euthanasia after the first week (T1), second week
(T2) and third week (T3) of antifungal administration.
Samples were collected into two test tubes. The first tube was
mixed with ethylene diamine tetra acetic (2 % EDTA solution,
1-2 drops per ml of whole blood) and was used for
hematological tests according to Tehraniet al. [13], while the
second blood sample was collected without the use of
anticoagulant in non-heparinized test tubes and was
centrifuged at 3000/ 15 rpm to get a clear serum samples.

2.5. Hematological parameters

Total erythrocyte count (million/mm?3) was determined
according to the method described by Haile and Chanie [14].
Hemoglobin was determined colorimetrically according to
the method described by Tehrani et al. [13]. Total leucocyte
count (thousand/mm3) was determined according to the
method described by Frankic et al. [15].

2.6. Biochemical analysis
2.6.1. Determination of serum transaminases

The concentrations of alanine aminotransferase and
aspartate amino transferase in serum were measured
colorimetrically according to the method described by
Frankicet al. [15].

2.6.2. Determination of creatinine and uric acid

Levels of serum creatinine and serum uric acid were
determined by a colorimetric method as previously described
[15].

2.7. Histopathological examination

The crop, lung, intestine and gizzard samples were
collected from all group at the third week of drug
administration. Samples were examined histopathologically
according to the method described by Banchrof et al. [16]

2.8. Statistical analysis

SPSS, version 17, (Inc., Chicago, IL. USA) computer
software was used for statistical analysis of the data. Data
were expressed as means * standard error. The effects of
using antifungal agents on each variable measured were
analyzed wusing general linear model GLM-repeated
measures. When there was a significant effect, one-way
ANOVA with post hoc Duncan multiple comparison tests were
used to detect the specific variations and differences
between each pair of the groups, and the level of significance
was set at P< 0.05 [17].
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3. RESULTS
3.1. Effect of the clove, thyme and fluconazole on hemogram
3.1.1. Total erythrocyte count

The effect of oral administration of clove powder, thyme
oil and fluconazole on the total erythrocyte count is
presented in figure 1. The erythrocyte counts of treated
groups (all groups except the first) showed no significant
alterations at T1 (one week post administration of the
antifungal agents) from the control group (Figure 1). At T2
(two weeks post administration of the antifungal agents),
erythrocyte count in treated groups decreased significantly
compared to the negative control group. The infected non-
treated group (second) was the most affected one and had
the lowest erythrocyte count. At T3 the erythrocyte counts
were significantly lower in thyme-treated compared to that
of the positive control (second) group (Figure 1a).

3.1.2. Hemoglobin

The effect of the oral administration of clove powder,
thyme oil and fluconazole once daily for three weeks on Hb
levels of chickens is presented in figure 1b. The data showed
no significant variations in levels of Hb between groups or
within the same group at different time points.

3.1.3. PCV %

The effect of oral administration of clove powder, thyme
oil and fluconazole once daily for three weeks on PCV % of
chickens is presented in figure 3. At T1 thyme-treated group
recorded a higher % of PCV compared to that of the negative
and positive control group, and clove-treated group. At T2,
the negative control group had the lowest % of PCV
compared to the other groups except fluconazole-treated
group. Moreover, % of PCV of fluconazole-treated group was
lower than those of both positive control and clove-treated
group. At T3, there were no significant variations in PCV %
between the different groups (Figure 1c).

3.1.4. ffect of clove, thyme and fluconazole on total leucocyte
count

The effect of the oral administration of clove powder,
thyme oil and fluconazole once daily for three weeks on total
leucocyte count of chickens is presented in figureld. At T1 the
leucocyte counts did not significant changes between
different groups when compared to the control group. At T2,
the total leucocyte counts decreased in clove, thyme and
fluconazole-treated groups when compared to both control
groups. The difference between both clove and thyme-
treated groups on one side and fluconazole-treated group on
the other side was significant. At T3, there was a significant
decrease in total leucocyte count in clove, thyme and
fluconazole-treated groups, compared to the two control
groups.

3.2. Effect of clove, thyme and fluconazole on liver function
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Figure 1. Effect of oral administration of clove powder, thyme oil and
fluconazole on RBC, Hb, PCV% and WBCs of chicks infected with
candida at different time intervals.

3.2.1. Serum Alanine Amino transferase (ALT)

The effect of the oral administration of clove powder,
thyme oil and fluconazole once daily for three weeks on
serum levels of ALT in chicken is presented in figure 5. At all-
time points, both the positive control group and fluconazole-
treated group showed higher values of serum ALT compared
to the other three groups (Figure 2).

3.2.2. Serum Aspartate Aminotransferase (AST)

The effect of the oral administration of clove powder,
thyme oil and fluconazole once daily for three weeks on
serum levels of ALT in chicken is presented in figure 6. At T1,
the administration of both clove powder and thyme oil
decreased the serum levels of AST compared to both positive
control group and fluconazole-treated group, however the
difference was significant when compared to the positive
control group only (Figure 6). At T2 and T3, clove and thyme
oil-treated groups displayed significantly lower levels of
serum AST when compared to both positive control and
fluconazole-treated groups (Figure 2).

Thyme  Fluconszole

Figure 2. Effect of oral administration of clove powder, thyme oil and
fluconazole on ALT and AST of chicks infected with candida at
different time intervals.
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3.3. Effect of clove, thyme and fluconazole on kidney function
3.3.1. Serum uric acid

The effect of oral administration of clove powder, thyme
oil and fluconazole once daily for three weeks on levels of
serum uric acid in chicken is presented in figure 7. No
significant variations were recorded in serum uric acid values
between clove and thyme-treated group at different time
points of sampling, whereas fluconazole-treated group
displayed significantly higher values of serum uric acid levels
at T1, T2 and T3 compared to either positive control group or
clove and thyme-treated groups (Figure 3).

3.3.2. Serum creatinine

The effect of oral administration of clove powder, thyme
oil and fluconazole once daily for three weeks on serum
creatinine levels in chicken is presented in figure 8. At all-time
points of the experiment both positive control group and
fluconazole-treated groups showed higher values for serum
levels of creatinine compared to both clove and thyme-
treated groups of chicken (Figure 8). It was also noticed that
the administration of thyme oil induced a further significant
reduction in serum levels of creatinine compared to clove-
treated groups (Figure 3).
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Figure 3. Effect of oral administration of clove powder, thyme oil and
fluconazole on uric acid and creatinine of chicks infected with
candida at different time intervals.

3.4. Histopathology

Results reflected that microscopic pictures of crop
sections showed normal histological picture in negative
control group, hyperkeratotic lesion, massive heterophils and
eosinophils infiltration in mucosa in positive control group.
Meanwhile, mild heterophils and eosinophil infiltration was
detected in mucosa from fluconazole and thyme-treated
groups. Microscopic pictures of crop sections showed
presence of yeast and pseudohyphae in hyperkeratotic lesion
in the positive control group only. These results are presented
in figure 4 and 5.

The initial lesions comprised necrotic plaques followed
by thickening and corrugation of crop mucosa. The thickening
and corrugation became well marked after 10 days of
infection and continued till the end of the experimental

Mans Vet Med J 21: 2 (2020) 25-31

period. Histologically, hyperkeratosis and parakeratosis were
the salient changes up to T2 (14 day) but thereafter
thickening of crop mucosa was the result of parakeratosis,
subepithelial congestion and edema.

According to figure 6-8, there were marked
improvement in crop of group treated with thyme and
fluconazole compared to other groups. Also, lung of chicken
treated with thyme and fluconazole retained normal
histopathological pictures. Gizzard showed improvement in
thyme and fluconazole-treated group. The enteric wall
retained normal histological appearance in fluconazole,
thyme and clove-treated groups.

Figure 4. Microscopic pictures of crop sections showing normal
histological picture in negative control group (A), hyperkeratotic
lesion (thick arrow) (B), massive heterophils (thin black arrow) and
eosinophils (thin red arrow) infiltration in mucosa (CaD) in positive
control group. Meanwhile, mild heterophils and eosinophil
infiltration is detected in mucosa (thin black arrow) from fluconazole
(EaF) and thyme (GaH) treated groups. HaE, X:100 bar100. (A, B, C,
E, G) X: 400 bar 50 (D, F, H).

Figure 5. Microscopic pictures of crop sections showing presence of
yeast (thin black arrow) and pseudohyphae (thin red arrow) in
hyperkeratotic lesion (BaC) in the positive control group only. PAS,
X:100 bar 100 (A, B, D, E) X: 400 bar 50 (C).
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Figure 6. Microscopic pictures of lung sections showing normal
histology of parabronchi, blood vessels and interstitial tissue in the
negative control group (A), narrowing in lumen of parabronchus due
to fibrosis in wall of parabronchus (black arrow) (B), congested blood
vessel (black arrow) (C), small multifocal lymphocytic cells
aggregation in pulmonary tissue (black arrow) (DakE) in the positive
control group, pulmonary tissue retained normal histological
pictures in fluconazole (F) and thyme-treated groups (G), congested
blood vessels (black arrows) (H) with small multifocal lymphocytic
cells aggregation in pulmonary tissue (black arrows) (l) in clove-
treated group. HaE X: 100 bar 100.

Figure 7. Gizzard sections show normal histology in the negative
control group (AaB), small focal lymphocytic aggregation (red arrow)
and cystic dilation of glands in gastric mucosa (black arrow) (C) with
small multifocal lymphocytic cells aggregation in muscular layer
(black arrow) (D) in the positive control group, normal gastric
mucosa (E), with small focal lymphocytic cells aggregation in
muscular layer (black arrow) (F) in fluconazole-treated group, cystic
dilation of glands in gastric mucosa (black arrow) in thyme-treated
group (G), small focal lymphocytic aggregation (red arrow) and mild
edema in gastric mucosa (black arrows) (H) with small focal
lymphocytic cells aggregation in muscular layer (black arrow) (1) in
clove-treated group. HaE, X: 40 (A) bar 200 and X:100 (B-1) bar 100.
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Figure 8. Normal histology of intestinal villi and lamina propria in the
negative control group (A); focal lymphocytic aggregation (black
arrow) (B); with fusion of villi (black arrow) (C) in the positive control
group. The enteric wall retained normal histological appearance in
fluconazole (D), thyme (E) and clove (F) treated groups. HaE, X: 40
bar 200.

4. DISCUSSION

Fungal infections have been increased recently due to a
growing number of pathogenic fungi that have serious side
effects [18]. Nevertheless, few anti-fungal medicines are still
available for the treatment of these infections. Additionally,
there has been a growing interest to seek alternatives to
chemical compounds. Hence, using natural therapeutic
agents that have antifungal efficacy could be effective with
potential side effects. In this context, thyme (Thymus vulgaris
L.), is one of the most common medicinal plant that grows in
the Mediterranean regions, that has received a particular
attention due to its antibacterial and antioxidant activities
against large number of pathogenic microbial organisms [19].
Clove buds, a popular class of kitchen spice referred to as ‘the
champion of spices’, have been extensively studied and
reported to possess different beneficial health and
pharmacological effects, such as antidiabetic, hypolipidemic,
gastro-protective and immunomodulatory activities [20]. In
the present study, the use of clove powder and thyme oil
improved the clinical symptoms induced by C. albicans
compared to the infected non-treated group (positive
control). This finding confirms the potential antifungal
activity of clove powder and thyme oil as previously
mentioned. Other research word found similar results that
eugenol and clove oil could have antifungal effect against C.
albicans [21, 22].

Blood parameters are a good benchmark for judging the
health of an animal and are broadly viewed as crucial
indicators of the nutritional and physiological status of birds
and animals [23]. In this regard, the findings of the present
study showed that the used of clove powder and thyme oil
increased erythrocyte count and PCV in treated birds, and
produced no changes in hemoglobin. These results agree with
previously reported findings in that chicken treated with
thyme and clove showed improved blood parameters such as
PCV % without alteration in Hb % [11, 18 25].
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Hepatic function of birds can be evaluated by measuring
serum concentration of liver enzymes (ALT, AST) since their
synthesis occurs in the liver. The disruption of transaminases
form normal values denotes hepatotoxicity because they are
involved in detoxification process, biotransformation and
biosynthesis of energetic macromolecules for different
essential function. Increases in serum levels of AST have been
reported in hepato-cellular diseases [26]. In the present
study, serum ALT and AST increased in all treated groups
compared with negative control. However, the increase in
case of fluconazole-treated group was higher than that of
both clove and thyme-treated groups. These findings are
supported by the findings reported by Abdelaziz et al. [27]
who found that adding thyme oil (Thymus vulgaris) at a dose
of 250 mg/Kg diet could increase ALT activity. This means that
using herbal antifungal agent increased liver activities
without any adverse effect. This could indicate that both
thyme oil and clove powder can be alternatives to fluconazole
in treatment of candida albicans in chicken with similar
antifungal activity and lower side effects. The finding of the
present word also agree with those reported previously [28]
and [29] in that fluconazole increased serum ALT level in
treated group. These resulted illustrated also that, after use
of fluconazole has stopped all the liver parameters returned
to their normal levels.

Our result showed that there was no significant variation
in uric acid in clove and thyme-treated groups, and that there
was a mild increase in fluconazole-treated group. Moreover,
there was a prominent increase in serum creatinine levels in
fluconazole-treated group, and a mild increase in clove-
treated group and a rather decrease in thyme-treated group.
These results are supported by those of Saleh et al. [11] who
found that dietary supplementation of thyme oil did produce
significant variations in serum uric acid levels in broiler
chicken. In addition Liu et al. [30] found that uric acid level
increased significantly after 6 weeks of treatment with
fluconazole in patients suffered from cryptococcal
meningitis.

The results regarding the microscopic picture of crop in
negative control group showed normal histopathological
picture. On the other hand, the crop of positive control group
revealed a marked change with the presence of yeast and
pseudo hyphae. Addition of thyme oil and clove powder to
the diets of infected chicken improved crop lesions and the
histopathological picture markedly compared to the use of
fluconazole.

It is likely that the occurrence of edema and congestion
may be a response to the fungal toxins. This needs a further
investigation. Fungal elements could be demonstrated in the
hyperkeratotic epithelium up to the 14%™ day. It has been
reported in chickens and turkeys that fungal invasion was
restricted to the superficial layers of epithelium and did not
cross the basement membranes [31].
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Conclusion

The findings of the current experiment demonstrate
that clove powder and thyme oil can be used as alternative
medication for treatment of Candidiasis in chicken with a
marked efficacy and a low side effect.
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