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ABSTRACT

This study evaluated the efficacy of B-glucan, extracted from Candida albicans isolated from
mastitic goat milk using an alkaline-acidic method, in treating C. albicans-induced mastitis.
Twenty lactating goats (2-4 years old, 25-30 kg) were randomly divided into five groups
(Group I-Group V), with each group consisting of four goats. Sixteen goats were
intramammarily inoculated with 1.2 x 107 yeast/2 mL of virulent C. albicans. The groups
were as follows: Group I (negative control, uninfected), Group II (positive control, infected
but untreated), Group III (treated with Nystatin, 200,000 units/half udder/day
intramammary for 7 days), Group IV (treated with B-glucan, 5 mg/mL/half udder,
administered intramammary every 48 h for three doses), and Group V (treated with a
combination of B-glucan and Nystatin; $-glucan was administered as in Group IV, followed
2 h later by Nystatin, 200,000 units/half udder/day for 7 days). Clinical signs, milk quality
(California Mastitis Test and fungal cultures), and serum levels of IL-6 and IFN-y were
assessed on days 0, 5, 10, 20, 30, and 40 post-inoculation. The results showed that the
positive control group exhibited persistent mastitis symptoms throughout the study. Goats
treated with B-glucan alone (Group IV) demonstrated significant symptom reduction and
fungal elimination by day 15. The combination therapy group (Group V) achieved similar
improvements by day 25. Serum IL-6 and IFN-y levels were significantly elevated in the
positive control group, while the $-glucan-treated group showed a substantial reduction in
these inflammatory markers, indicating its potential as a standalone antifungal therapy. The
Nystatin group (Group III) and the combination group (Group V) also exhibited reduced
cytokine levels, although these were higher than those observed in the B-glucan and
negative control groups. This study confirms the potential of $-glucan as an effective
treatment for C. albicans-induced mastitis in goats. Its ability to lower inflammatory
cytokine levels and eliminate fungal infections highlights its promise as a therapeutic option,
particularly in combination with Nystatin, for managing fungal mastitis.
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INTRODUCTION

M astitis is the inflammation in the mammary glands’
parenchyma. It is defined by a number of physical
and chemical changes in the milk as well as pathologic
abnormalities in the glandular tissue (1). Goats are among
the oldest domesticated farm animals and make a very
valuable contribution in developing countries, particularly
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poor ones, where goat milk can help improve millions of
people's nutrition (2).

There have been numerous reports of fungi as mastitis-
causing agents. Even though yeasts and molds are
abundantly present in nature, mycotic mastitis in
ruminants is typically attributed to yeasts (3, 4). An
opportunistic pathogen among yeasts is Candida (C.)
albicans (5). Fungal mastitis in ruminants is most
frequently caused by C. albicans (6). Beta glucan (-glucan)
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is polysaccharide in the wall of algae, bacteria, fungi, yeast,
and plants (7, 8). It belongs to a class of (-glycosidic
polysaccharides (9) because of their varied chemical
structures, possessing a wide range of biological properties
(10).

B-glucans are not produced by cells of mammals;
however, they are identified via mammalian cells as
pathogen-associated molecular patterns (PAMPs) by
recognition receptors and hence operate as biological
reaction modifier (11). B-glucan exhibits many medicinal
properties such as antifungal activity (12) and reducing
mastitis (13). When ewes received [-1, 3-glucan
subcutaneously, their mammary bacterial count decreased,
and their milk somatic cell count (SCC) increased more
quickly (14). According to Persson Waller and Colditz (15),
injecting -1,3-glucan into the udder of non-lactating ewes
caused a noticeable movement of macrophages and
lymphocytes. Additionally, injection of $-1,3-glucan into the
cow's udder during the dry period and after drying off
enhanced the numbers of certain mononuclear cell types in
mammary secretions (16).

A preventative and/or therapeutic benefit against udder
infections using intramammary 3-1,3-glucan infusion has
not been shown to exist in goats. Therefore, the main
objective of the current experiment was assessing
intramammary infusion of $-1,3-glucan into lactating udder
that infected with C. albicans can stimulate the clearance of
this infection.

MATERIALS AND METHODS
Ethical Statement

Ethical approval was granted according to the local
committee of care and use of the animal in research at the
College of Veterinary Medicine, University of Baghdad
(P.G/1302 at 19/11/2023) before starting this study.

C. albicans Isolate

The C. albicans isolate was obtained from caprine
mastitis in our earlier investigation (17), and it was
analyzed both macroscopically and microscopically.

Extraction of p—glucan from C. albicans

The same C. albicans isolate was used for B-glucan
extraction, following the method described by Pengkumsri
et al. (7) and Bacha et al. (18), utilizing an alkaline-acidic
extraction technique. The dry weight of 3-glucan produced
by this method was 7.47 g per 150 g (4.98%). The B-glucan
was then suspended at 5 mg/mL for use in the experiment,
as outlined by Inchaisri et al. (16) and Persson-Waller et al.
(19).

Determination of C. albicans Inoculum

C. albicans was cultured on Sabouraud dextrose agar
(SDA) (HiMedia, China) supplemented with 0.03%
chloramphenicol. After incubation for 5-6 days at 37°C, the
growth was harvested using sterile phosphate-buffered
saline (PBS, pH 7.4) containing 0.05% Tween-20. The
resulting suspension was homogenized with a magnetic
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stirrer, and the blastoconidia concentration was adjusted to
1.2x107 cells/2 mL using a hemocytometer (20, 21).

Animals and Experimental Design

Twenty healthy local-breed goats (Capra hircus), aged
2-4 years and weighing 25-30 kg, were used in the study.
All animals were free of mastitic pathogens and clinically
free from other infectious diseases. Additionally, twenty-
seven kids were separated from their dams 21 days prior to
the start of the experiment. The study was conducted at the
College of Veterinary Medicine, University of Baghdad.
During the 21-day acclimatization period, the goats were
housed in individual cages, provided with concentrated
feed and hay, and had ad libitum access to water.

The animals were randomly divided into five groups
(Group I- Group V), with each group consisting of four goats.
The procedure for infection followed the method described
by (20). The right half of the udder in Groups IJ, II], IV, and
V was intramammarily injected with 2 mL containing 1.2 x
107 yeast of C. albicans inoculum, while the left half of the
udder served as the control. Treatment began on day 3
post-C. albicans inoculation as follows: Group I (Negative
Control), uninfected, receiving 2 mL of sterile PBS in the
right mammary gland; Group II (Positive Control), infected
with C. albicans and untreated; Group III, treated with 5 mL
of 200,000 units of Nystatin daily for 7 days; Group 1V,
treated with 5 mL of 5 mg/mL B-glucan every 48 h for three
doses; Group V, treated with 5 mL of 5 mg/mL (-glucan
every 48 h, followed 2 h later by 5 mL of 200,000 units of
Nystatin daily for 7 days. All animals were closely observed
daily for changes in udder health, including mammary
gland palpation and milk secretion appearance. Milk
samples were collected before and after inoculation and
tested for mastitis using the California Mastitis Test (CMT).
Additionally, milk samples from the infected and control
halves were cultured on SDA at 0, 3, 5, 8, 10, 15, 20, 25, 30,
35, and 40 days following the start of the experiment (22).

Clinical Observations

Regular clinical examinations were conducted to
evaluate the overall health of the animals, including rectal
temperature, heart rate, respiration rate, and appetite.
Udder health was assessed through palpation of the
mammary gland, observation of udder secretion
appearance, and CMT results. Visible changes in the
mammary gland and milk were recorded as clinical signs.

IL-6 and IFN-y Measurement

Blood samples were collected from the jugular vein on
days 0, 5, 10, 20, 30, and 40 of the study. The samples were
allowed to coagulate at room temperature for 30 min
before being centrifuged at 5000 rpm for 10 min. The
resulting serum was collected and stored in a freezer until
further analysis (23). The concentrations of IL-6 and IFN-y
were measured using a goat IL-6 ELISA kit (Cloud-Clone
Corp, USA) and a goat IFN-y ELISA kit (SunLong Biotech Co.,
Ltd., China). Optical density was measured at 450 nm using
a HumanReader HS ELISA reader (Human, Germany), and
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the levels of IL-6 and IFN-y were calculated based on the
standard curves provided with each kit (24).

Statistical Analysis

The Statistical Analysis System (SAS) software (25) was
used to analyze the effects of treatment type and time on
the study parameters. Two-way Analysis of Variance
(ANOVA), followed by the least significant difference (LSD)
test, was employed to compare the means.

RESULTS AND DISCUSSION
Physical Examinations

Physical examinations of animals were performed 72,
48, and 24 h before C. albicans infection for five groups, and
24,48, and 72 h after C. albicans infection for 4 groups and
compared to groups I. All goats exhibited a slight but
consistent rise in temperature, heart rate, and respiration
rate (data not shown) compared to the negative control
group (Group I). However, the results indicated that the
infected goats did not display any significant systemic
response during the experiment.

Clinical Changes of Udder

The clinical state of the udder was assessed based on the
shape, size, and symmetry of the mammary glands and
supramammary lymph nodes. Swelling and enlargement of
the lymph nodes, as well as changes in milk appearance,
were observed in the infected goats. In Group I (Negative
Control), udder production remained normal, with negative
CMT scores and no observable changes in the udder
throughout the study period. In Group II (Positive Control),
milk color changed to yellow, milk output decreased, and
CMT scores reached 3. Enlargement of the right
supramammary lymph nodes was observed, likely due to C.
albicans invasion of the mammary tissues. The udder
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showed a decrease in size, and C. albicans was isolated from
the mammary gland on days 0, 3, 5, and 8 (Table 1, Figure 1
A). In Group III (Nystatin Treatment), CMT scores reached
3 by day 3 post-infection. Milk color changed, and
enlargement of the right supramammary lymph nodes was
noted on day 5, with a gradual return to normal by day 35
post-treatment. Milk samples from this group showed no C.
albicans growth after treatment (Table 1). In Group IV (B-
glucan Treatment), mastitis was observed by day 3,
followed by a progressive return to normal, with negative
CMT and mycology culture results by day 15. Normal milk
was restored three days after the final treatment, with no
fungal isolation from milk samples on days 15, 20, 25, 30,
35, and 40 (Table 1, Figure 1 B). In Group V (Combined
Treatment), mastitis was observed by day 3, with recovery
evident by day 25. Milk returned to normal on day 25, and
no yeast was detected from milk samples after the final
treatment (Table 2).

Table 1. Mycological cultures of lactating goat milk samples following the
last treatment

Days Groupl GroupIl GroupIll GrouplIV  GroupV
0 day -ve -ve -ve -ve -ve
3 days -ve +ve +ve +ve +ve
5 days -ve +ve +ve +ve +ve
8 days -ve +ve +ve +ve +ve
10 days -ve +ve +ve +ve +ve
15 days -ve +ve +ve -ve +ve
20 days -ve +ve +ve -ve +ve
25 days -ve +ve +ve -ve -ve
30 days -ve +ve +ve -ve -ve
35 days -ve +ve +ve -ve -ve
40 days -ve +ve -ve -ve -ve

Group I: Negative control (uninfected, received sterile PBS). Group II: Positive control
(infected with C. albicans, untreated). Group III: Treated with Nystatin (200,000
units/half udder/day intramammary for 7 days). Group IV: Treated with -glucan (5
mg/mL/half udder intramammary every 48 h for three doses). Group V: Treated with
B-glucan and Nystatin (B-glucan administered as in Group IV, followed 2 h later by
Nystatin as in Group I1I)

Table 2. Clinical Observations and CMT Test Results Across Experimental Groups

Day Group I Group II Group III Group IV Group V
SNigszstemlc No systemic sings No systemic sings No systemic sings No systemic signs

- CMT 3 in 3 cases, milk color change in 1 case,
No visible . . .
5 disease siens enlargement of LLN in all cases, drop in milk
8 output, fibrosis begins, udder size decreases

No visible CMT 3 in 3 cases, milk color change in 1 case,
10 LLN enlargement in all, drop in milk output,

disease signs . . .
8 fibrosis, decreased udder size
output

20 N.O Vmbl? Fibrosis, decreased udder size
disease signs

30 N.O Vmbl? Fibrosis
disease signs

g0 Novisble o osis
disease signs

CMT 3 in 2 cases, milk color
change in 2 cases

CMT 3 in 2 cases, milk color
change in 2 cases, LLN
enlargement in all, drop in milk

All cases converted to CMT score 2

No visible mastitis signs in 2 cases, No visible mastitis
CMT score 1in 1 case

CMT 3 in 2 cases,
milk color change
in 2 cases

CMT 3in 1 case, milk color
change in 3 cases

CMT 3in 1 case, milk color
change in 3 cases, LLN
enlargement

CMT 3in 2 cases,
trace in 2 cases

All cases converted to CMT
score 2

No visible mastitis
signs

All cases converted to CMT score 2

No visible mastitis

. No visible mastitis signs
signs

- No visible mastitis signs
signs

CMT: California Mastitis Test, LLN: lateral lymph node
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changes in the infected right udder half (red arrow) of a goat, with a significant reduction in size
compared to the non-infected left udder half (white arrow) after 7 days post-inoculation with Candida
albicans. The reduction in size and asymmetry reflects the progression of mastitis and associated
fibrosis in the infected gland. (B) A photograph of an udder from a goat in Group IV on day 20 post-
inoculation with C. albicans. The animal was treated with 5 mL of 5 mg/mL f-glucan administered
intramammarily every 48 hours for three doses. The udder appears restored to normal size and
symmetry, demonstrating the therapeutic efficacy of f-glucan in resolving mastitis and reversing

associated tissue damage

The cure rates for Groups III, IV, and V, infected with C.
albicans, were 100%, albeit achieved at different time
points. After intramammary infusion with (-glucan, C
albicans colonies were completely absent from the milk
cultures. Fibrosis, likely caused by a chemotactic response
to factors released by damaged cells, led to swelling of
surrounding connective tissue. This tissue progressively
increased in quantity and deposited in the per-glandular
and periductal regions, ultimately obliterating the lumen,
acini, and cistern, impairing mammary gland
vascularization. The advancement of fibrous tissue
contributed to gland atrophy and dysfunction (26).

The findings of the present study align with those of
Singh et al. (20), who reported a sharp and progressive
decrease in milk supply from infected udder halves starting
on day 1 post-infection. Within 24 hours, infected right
udder halves developed clinical mastitis in two goats,
characterized by yellow milk, enlarged udder halves
compared to contralateral controls, and positive CMT
results (score 3+). Similarly, the present investigation
corroborates findings by Al-Dujaily and Mahmood (27),
who observed a strong positive CMT score (3+) in all
examined goats.

Jand and Dhillon (28) isolated C. albicans from mastitic
udders within six hours post-inoculation. Several studies,
including (20, 29, 30), have also reported the onset of
mastitis within 24 hours of yeast inoculation. The present
study supports the capability of Candida to induce mastitis
when applied at sufficient doses, consistent with (31, 20).

No systemic disturbances were observed during this
investigation, consistent with findings by (31). However,
other researchers (30) reported systemic disturbances,
such as fever and anorexia, in cases of candidal mastitis.
Clinical mastitis was associated with milk discoloration in
all affected goats in this study, contrary to Singh et al. (20),
who found no change in milk color or quality in the
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uninfected udder halves of experimental and control
animals.

Milk samples revealed alterations in appearance within
24 h post-inoculation. Mastitis was fully induced by day 3,
as confirmed by positive CMT results (score 3), aligning
with the findings of (32, 33).

One plausible explanation for the persistence of mastitis
in some cases is the formation of biofilms, which facilitate
fungal survival by integrating into mammary epithelial
cells. Additionally, the absence of C. albicans in milk
following p-glucan treatment suggests its ability to
eradicate the fungus, potentially through direct action on
fungal cells. These findings align with Alanni (34), who
reported recovery in infected mammary glands treated
with B-glucan extracted from C. albicans. Moreover, this
agrees with studies by (35), demonstrating the
antimicrobial properties of B-glucan against fungi and
yeast.

Alanni (34) further noted that $-glucan extracted from
C. albicans was more effective in treating mastitis in mice
compared to f-glucan extracted from S. cerevisiae.
Similarly, Buddle et al. (14) reported that subcutaneous f3-
glucan injections in sheep reduced bacterial load in the
udder and enhanced macrophage migration. Other studies
(36, 13, 37) demonstrated that (-1,3-glucan increases the
recruitment of leukocytes and macrophages to the
mammary gland and has protective effects against shipping
fever in calves.

B-1,3-glucan may induce specific inflammatory and
immunological responses in the mammary gland during
dry-off or constant dry phases. Repeat injections could
prolong its effects, as suggested by (16). Jameel and Yassein
(38) found that B-glucan extracted from C. albicans elicited
a strong recovery response in mice infected with
candidiasis at a concentration of 50 mg/kg administered
intraperitoneally.
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The combination of 3-glucan with Nystatin resulted in
complete recovery and the absence of C. albicans in the milk
by day 25. This suggests a synergistic or complementary
effect, as the two agents may enhance each other’s
antifungal activity, potentially reducing the required doses
and minimizing adverse effects.

IL-6 and IFN-y Levels

The mean IL-6 levels in the serum are presented in
Table 3. Group IV exhibited significantly lower IL-6 levels
(P<0.05) compared to Group II. Groups IIl and V also
showed significantly reduced IL-6 levels compared to
Group I, though they remained higher than those in Groups
[ and IV. By day 10, the IL-6 concentration in Group IV was
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significantly reduced (1110.69+53.84) compared to the
infected group (1858.04+54.07), with a continuous
decrease until day 40. Significant differences were
observed between Groups IIl and V from day 10 to day 30
(P<0.05).

The mean IFN-y levels are presented in Table 4. Group
IV showed significantly lower IFN-y levels (P<0.05)
compared to Group II. Similarly, Groups III and V exhibited
reduced IFN-y levels compared to Group II, though they
remained higher than those in Groups I and IV. By day 10,
Group IV displayed a significant reduction in IFN-y
(78.16+1.22) compared to the infected group
(178.60+1.39), with sustained decreases through day 40.

Table 3. Differences in IL-6 concentrations (pg/mL) in five groups measured by ELISA method over different periods

Days Group I Group II Group III Group IV Group V

0 248.03+9.39 4a 273.95+15.08 Ba 258.89+13.87 Ea 248.06+4.91 P2 274.48+12.81 Fa
5 241.92+16.47 Ac 1963.07+£35.33 A 1659.8+145.0 b 1711.89£63.04 Ab 1783.54+£32.0 4b
10 174.09£26.70 Ae 1858.04+£54.07 4a 1546.52+£119.23 4b 1110.69£53.84 Bd 1351.97£32.79 Be
20 264.59+14.46 Ae 1892.82+62.83 A 1309.66£19.03 Bb 660.21+31.07 ¢d 869.99+27.30 Cc
30 220.23+21.64 4 1857.62£60.96 A2 1054.92+£38.98 336.92+8.26 Pd 775.34+32.62 C¢
40 232.27+20.53 A¢ 1769.95£160.11 42 629.72+£53.97 bb 191.65+11.21 ¢ 546.35+£19.11 b

Means (+SEM) having different small letters within the same row and different capital letters within the same column differ significantly (P<0.05). LSD = 152.38

Table 4. Variations in IFN-y Levels (pg/mL) evaluated by ELISA in five groups over different periods

Days Group I Group II Group III Group IV Group V

0 38.54£1.36 42 39.16+£8.91 Ca 36.54+9.14 Ca 36.27+6.36 C2 21.38£0.39Fa

5 29.8344.98 Ac 171.52+2.29 #a 136.29+13.61 Aab 128.86+17.88 Ab 116.57+16.22 A
10 12.974£1.57 4e 178.60+1.39 42 95.59+1.84 Bb 78.16+1.22 Bd 89.39+0.51 BCe

20 32.9247.33 Ad 166.07+12.88 ABa 86.29+3.50 Bb 53.44+1.82 BCcd 67.64+3.36 CPbe
30 17.62+4.02 Ac 135.11+5.69 Ba 67.11+1.45 BCb 21.52+3.28 Cc 63.22+1.69 CPb

40 23.5446.09 Ac 134.14+26.48 B2 62.75+2.07 BCb 21.40+0.47 Ce 52.7146.22 DEbe

Means (+SEM) having different small letters within the same row and different capital letters within the same column differ significantly (P<0.05). LSD = 36.924

The movement of neutrophils from the bloodstream to
mammary gland tissue occurs as a response to pro-
inflammatory cytokines (39, 40). IL-6 is a pleiotropic
cytokine with diverse functions, including host protection
through immunological responses, regulation of
hematopoiesis, and management of inflammation (41, 42).

IFN-y plays a critical role in directing leukocytes to sites
of infection by regulating the production of chemokines and
specific adhesion molecules. Additionally, IFN-y
antimicrobial effectors enhance receptor-mediated
phagocytosis and promote microbial destruction in
neutrophils and macrophages (43).

This study suggests that 3-glucan activates immune cells
such as neutrophils, macrophages, and dendritic cells,
leading to the production of immune-enhancing cytokines
(IL-6 and IFN-y). These cytokines are pivotal in recruiting
and activating the immune system. -glucan enhances the
host immune response by stimulating the complement
system, macrophage activity, and natural killer (NK) cell
function. Cellular responses elicited by mushroom-derived
and other B-glucans depend on their specific interactions
with multiple cell surface receptors, including complement
receptor 3 (CR3; CD11b/CD18), lactosylceramide, selected
scavenger receptors, and dectin-1 (bGR). As an
immunostimulant, (-glucan works by activating
macrophages and NK cell cytotoxicity (44).

MAHMOUD AND YASSEIN

-glucan has been shown to stimulate macrophages to
produce immune-stimulating cytokines, including IL-1, IL-
6, TNF-a, and IFN-y, thereby exerting a favorable
immunomodulatory effect. This is characterized by a
marked elevation of TNF-a, IL-6, IFN-y, and IL-2 levels (45,
35). Findings from (46) revealed significantly higher IL-6
concentrations in the control group compared to the f3-
glucan-treated groups. Prophylactic injection of B-glucan
also improved septic conditions by reducing pro-
inflammatory cytokine levels and increasing anti-
inflammatory cytokine levels.

Sonck (47) demonstrated that -glucan stimulation of
monocyte-derived dendritic cells (curdlan) resulted in
elevated levels of pro-inflammatory cytokines IL-6, IL-10,
and IL-12/IL-23. Similarly, (16) reported that 3-1,3-glucan
triggered specific inflammatory and immunological
responses in cow udders following intramammary
injections during the constant dry phase or drying-off
period. These findings suggest that intramammary
injections of B-1,3-glucan could enhance the udder's
defense systems against infections, particularly during
initial involution.

Mahdi et al. (48) observed high levels of IFN-y in goats
treated intramammarily with  cytosine-phosphate-
guanosine oligodeoxynucleotides compared to other
groups. The results of this study are consistent with (49),
who reported significantly higher IFN-y levels in infected
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animals with mastitis compared to controls (340.21 £ 41.61
pg/mL vs. 8.45 + 0.83 pg/mL, respectively). Moreover, [FN-
y levels were markedly higher in mastitis-infected mice
compared to other treated groups. These findings suggest
that B-glucan acts as an antifungal agent by eradicating C.
albicans in caprine mammary glands within 15 days of
treatment.

B-glucan has the potential to modify the progression of
Candida albicans-induced mastitis in goats, demonstrating
therapeutic efficacy in both subclinical and clinical cases.
When used in combination with the antifungal agent
Nystatin, B-glucan exhibited enhanced effects, although its
standalone use also proved effective. Additionally, 3-glucan
possesses significant immunomodulatory properties,
capable of potentiating cellular immunity by activating
immune cells and promoting cytokine production. These
findings suggest that -glucan is a promising therapeutic
agent for managing fungal mastitis in goats while
supporting immune system activation to enhance overall
host defense.
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