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Abstract

Trifluralin is a widely used dinitroaniline herbicide known for its soil
persistence and microtubule-disrupting activity. While its phytotoxic and
genotoxic effects are well documented, its acute impact on hematological
parameters-particularly oxygen transport biomarkers-remains poorly under-
stood in veterinary models. This study aimed to evaluate the dose- and
time-dependent effects of trifluralin on total hemoglobin and oxyhemoglobin
concentrations in female Wistar rats following intraperitoneal administration.
Rats were administered trifluralin at doses of 250, 500, and 750 mg/kg (24%
concentration), and blood samples were collected at 30- and 60-minutes
post-injection. Spectrophotometric analysis was used to quantify total
hemoglobin and oxyhemoglobin levels. Statistical comparisons between
control and treated groups were performed. Trifluralin administration led to
dose- and time-dependent elevations in hemoglobin parameters. Significant
increases in total hemoglobin were observed at 250 and 500 mg/kg within 30
minutes, with the highest oxyhemoglobin level recorded at 750 mg/kg. At 60
minutes, hemoglobin values in lower dose groups showed partial decline, while
oxyhemoglobin remained elevated in the high-dose group. These findings
suggest that trifluralin may induce transient hematological stimulation
and modulate oxygen transport capacity, depending on dose and exposure
duration. Further investigation is needed to clarify the underlying mechanisms
and systemic implications.

1. Introduction

Trifluralin, a dinitroaniline herbicide chemically known
as , , -trifluoro-2,6-dinitro-N, N-dipropyl-p-toluidine, is
widely used for pre-emergent weed control in over 40
crop species including cotton, soybean, alfalfa, and var-
ious vegetables and fruit trees (Zhang et al., 2023).
Commercial formulations such as Treflan and Elan-
colan are typically prepared as emulsifiable concen-
trates or granules. Due to its extremely low water
solubility (<1 ppm), trifluralin exhibits high soil per-

sistence and strong adsorption to soil particles, limiting
its mobility but raising concerns about long-term ac-
cumulation in agricultural environments.

The herbicidal action of trifluralin is primarily me-
diated through inhibition of microtubule polymeriza-
tion, which disrupts mitotic spindle formation and cell
division in root meristems. While its phytotoxic and
genotoxic effects are well documented, emerging evi-
dence suggests that trifluralin may also exert systemic
toxicity in non-target organisms, including mammals.
In rodent models, sublethal exposure has been asso-
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ciated with oxidative stress, hepatocellular damage,
and hematological alterations (Fernandes et al., 2013;
EFSA, 2009).

In mammals, trifluralin has been associated with
oxidative stress, hepatotoxicity, and hematological al-
terations. Acute oral toxicity studies in rodents report
an LD50 of approximately 5000 mg/kg, classifying it
as moderately toxic. Sublethal exposure may impair
erythrocyte integrity and oxygen transport, potentially
leading to hypoxia and systemic dysfunction (Fernan-
des et al. 2013).

Hemoglobin, the principal oxygen-carrying protein
in red blood cells, plays a vital role in maintaining tis-
sue oxygenation. It consists of four heme groups bound
to globin chains, each capable of reversibly binding oxy-
gen. Oxyhemoglobin, the oxygen-bound form, reflects
the functional capacity of hemoglobin and serves as
a sensitive biomarker for hypoxic stress. Disruption
in hemoglobin synthesis or degradation can result in
hematological disorders, including anemia and methe-
moglobinemia (Rifai, 2017).

Blood constitutes approximately 7–8% of total
body weight, with plasma comprising about 55–60%
of its volume. Plasma is primarily composed of water,
electrolytes, and proteins such as albumin, fibrinogen,
and globulins, which play essential roles in maintain-
ing osmotic pressure, immune defense, and coagulation
(Cohn and Shaz 2023). Erythrocytes, produced in the
bone marrow, are specialized for oxygen transport and
contain high concentrations of hemoglobin. Their bi-
concave shape and membrane flexibility enable efficient
passage through narrow capillaries and facilitate opti-
mal gas exchange (Basu and Kulkarni 2014).

Given the widespread use of trifluralin and its po-
tential to interfere with oxygen transport mechanisms,
this study aimed to evaluate dose- and time-dependent
changes in total hemoglobin and oxyhemoglobin con-
centrations in female Wistar rats following intraperi-
toneal administration. By applying spectrophotomet-
ric analysis at two time points, the research provides in-
sight into the acute hematotoxic and hypoxia-inducing
potential of trifluralin in a controlled veterinary model.

2. Materials and Methods

2.1. Experimental Animals

A total of 18 adult female Wistar rats (mean body
weight: 250±4 g) were obtained from the Laboratory
Animal House of Urmia University, Faculty of Veteri-
nary Medicine. All procedures involving animals were
conducted in accordance with institutional guidelines
and approved by the Ethics Committee of Urmia Uni-
versity. Animals were acclimatized for 24 hours under
controlled conditions (temperature: 20±2◦C; 12-hour
light/dark cycle) with unrestricted access to food and
water.

2.2. Toxin Preparation

Trifluralin (commercial name: Treflan), a dinitroani-
line herbicide, was obtained as a 48% stock solution
and diluted to 24% using double-distilled water. The
compound is known to disrupt microtubule formation
and has been used in rodent toxicity studies (Zhang,
et al. 2023).

2.3. Hematological Evaluation

The 18 rats were randomly divided into three experi-
mental groups (n=6 per group), each receiving a dif-
ferent dose of trifluralin (250, 500, or 750 mg/kg body
weight) via intraperitoneal injection.

3. Blood Sampling Was Performed in
three Stages

1. Baseline Sampling: Under ether anesthesia,
blood was collected from the right retro-orbital sinus
using microhematocrit tubes. Approximately 0.7 mL
of blood was mixed with potassium EDTA and cen-
trifuged at 2000 rpm for 10 minutes to separate plasma.
2. 30 Minute Post-Injection Sampling: Thirty
minutes after trifluralin administration, blood was col-
lected from the left retro-orbital sinus under anesthesia.
Plasma was separated as described above.
3. 60 Minute Post-Injection Sampling: At 60
minutes post-injection, blood was collected via jugular
vein incision. One milliliter of blood was mixed with
EDTA and centrifuged to obtain plasma.
Plasma samples were analyzed for hemoglobin and oxy-
hemoglobin concentrations using a UV/Visible spec-
trophotometer based on Drabkin’s method (Drabkin,
1946; Rifai, 2017).

4. Statistical Analysis

All statistical analyses were performed using SPSS soft-
ware version 22.0 (IBM Corp., Armonk, NY, USA).
Prior to hypothesis testing, the normality of data dis-
tribution was assessed using the Kolmogorov–Smirnov
test. Variables with normal distribution were expressed
as mean ± standard deviation (SD). Comparisons be-
tween groups were performed using one-way ANOVA
followed by Tukey’s post hoc test. A p-value less than
0.05 was considered statistically significant.

5. Results

5.1. Hematological and Oxygen-Carrying Pa-
rameters

The effects of intraperitoneal administration of tri-
fluralin (24%) at doses of 250, 500, and 750 mg/kg
were evaluated at 30- and 60-minutes post-injection.
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Spectrophotometric analysis revealed dose- and time-
dependent alterations in total hemoglobin (Total Hb)
and oxyhemoglobin (Oxy Hb) concentrations.
- 250 mg/kg (30 min)
Total Hb levels increased significantly compared to
controls (p<0.05), while Oxy Hb levels showed a mild,
non-significant elevation (Fig. 1).
- 250 mg/kg (60 min)
Total Hb remained slightly elevated, though not sta-
tistically significant. Oxy Hb levels declined modestly,
without reaching significance (Fig. 2).
- 500 mg/kg (30 min)
Total Hb levels increased significantly compared to
controls (p<0.05). Oxy Hb levels showed a slight, non-
significant increase. (Fig. 3).
- 500 mg/kg (60 min)
Both Total Hb and Oxy Hb levels showed mild decrease
compared to controls, but neither reached statistical
significance (p<0.05) (Fig. 4).
- 750 mg/kg (30 min)
A pronounced and statistically significant elevation in
both Total Hb and Oxy Hb was observed (p<0.05),
indicating a strong hematological response. (Fig. 5).
- 750 mg/kg (60 min)
Total Hb returned to near-control levels, while Oxy
Hb remained significantly elevated (p<0.05), suggest-
ing sustained oxygen transport stimulation (Fig. 6).
- Cumulative Comparison
At 30 minutes post-injection, total hemoglobin levels
increased significantly across all treated groups. The
highest concentration was observed at 500 mg/kg, fol-
lowed by 250 and 750 mg/kg. This pattern suggests
a non-linear, dose-dependent hematological response,
with peak stimulation occurring at the intermediate
dose (Fig. 7).

Oxyhemoglobin levels also rose at 30 minutes in
all groups, with the most pronounced and statistically
significant increase recorded at 750 mg/kg. The 250
and 500 mg/kg groups showed mild elevations that did
not reach statistical significance. At 60 minutes, oxy-
hemoglobin levels declined in lower dose groups, while
the 750 mg/kg group maintained elevated levels (Fig.
7).

Fig. 1. Comparison of Total Hb and Oxy Hb between
control and 250 mg/kg (30 min).

Fig. 2. Comparison of Total Hb and Oxy Hb between
control and 250 mg/kg (60 min).

Fig. 3. Comparison of Total Hb and Oxy Hb between
control and 500 mg/kg (30 min).

Fig. 4. Comparison of Total Hb and Oxy Hb between
control and 500 mg/kg (60 min).

Fig. 5. Comparison of Total Hb and Oxy Hb between
control and 750 mg/kg (30 min).
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Fig. 6. Comparison of Total Hb and Oxy Hb between
control and 750 mg/kg (60 min).

Fig. 7. Overall comparison of Total Hb and Oxy Hb
across all treatment groups and time points.

6. Discussion

The present study investigated the acute hematolog-
ical effects of trifluralin, a widely used dinitroaniline
herbicide, in female Wistar rats. By quantifying to-
tal hemoglobin and oxyhemoglobin levels at two time
points following intraperitoneal administration of three
different doses, the results revealed a biphasic, dose-
and time-dependent pattern of hematological response.

At 30 minutes post-injection, total hemoglobin lev-
els increased significantly in all treated groups (250,
500, and 750 mg/kg), with the highest elevation ob-
served at 500 mg/kg. This early rise may reflect hemo-
concentration, splenic contraction, or redistribution of
erythrocytes in response to chemical stress. Such com-
pensatory mechanisms have been described in acute
toxicological models and may serve to preserve oxy-
gen transport under transient challenge (de Kort et al.,
2020; Rifai, 2017).

Oxyhemoglobin levels also rose at 30 minutes, with
the most pronounced and statistically significant in-
crease occurring at 750 mg/kg. This suggests a dose-
dependent enhancement in oxygen-binding capacity,
potentially reflecting early physiological adaptation.

However, the response was not sustained: by 60 min-
utes, hemoglobin parameters in the lower dose groups
declined toward baseline, while oxyhemoglobin at 750
mg/kg showed a significant reduction, indicating per-
sistent hypoxic stress or oxidative disruption.

Previous studies have primarily focused on the
genotoxic and hepatotoxic effects of trifluralin (Fer-
nandes et al., 2013; Zhang et al., 2023), with lim-
ited attention to its hematological impact. The cur-
rent findings expand this understanding by demon-
strating acute modulation of hemoglobin dynamics, in-
cluding transient stimulation and delayed suppression.
The decline in oxyhemoglobin at high dose and later
time point aligns with documented cases of methe-
moglobinemia and red blood cell deformation following
exposure to nitroaromatic compounds (Iolascon et al.,
2021).

From a mechanistic perspective, hemoglobin un-
dergoes continuous redox cycling, and its autoxidation
generates reactive oxygen species such as superoxide
and hydrogen peroxide, which can damage erythrocyte
membranes and impair oxygen delivery (Daraghmeh
& Karaman, 2024; Rifkind et al., 2003). Disruption of
this balance may lead to oxidative stress, membrane
instability, and impaired tissue oxygenation. The sus-
tained suppression of oxyhemoglobin at 750 mg/kg
supports this hypothesis and warrants further inves-
tigation into antioxidant defense systems and erythro-
cyte integrity (Rifkind et al., 2015).

The use of Wistar rats provides translational rel-
evance to veterinary toxicology, given their well-
characterized hematological baselines and physiologi-
cal similarity to larger mammals (Patel et al., 2024).
Spectrophotometric analysis based on Drabkin’s
method enabled precise quantification of hemoglobin
derivatives, offering a robust framework for assess-
ing pesticide-induced hematotoxicity (Drabkin, 1946;
Chinwuba et al., 2024).

This study represents a novel contribution by quan-
tifying oxyhemoglobin dynamics following acute triflu-
ralin exposure. The results highlight the herbicide’s
potential to induce both transient stimulation and de-
layed hypoxia, establishing a foundation for future re-
search into its systemic effects. These findings may
inform regulatory guidelines and veterinary risk assess-
ment protocols, particularly in contexts of frequent or
unavoidable pesticide exposure.

Further studies are needed to explore subacute and
chronic exposure scenarios, dose thresholds for irre-
versible damage, and the role of antioxidant supple-
mentation or membrane stabilization strategies. Com-
parative investigations across species and developmen-
tal stages could enhance translational relevance and
guide safer pesticide practices in both veterinary and
agricultural settings.
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7. Conclusion

Acute exposure to trifluralin significantly alters
hemoglobin and oxyhemoglobin concentrations in fe-
male Wistar rats, indicating a rapid modulation of
oxygen transport mechanisms. The dose- and time-
dependent elevations observed-especially the peak in
total hemoglobin at 500 mg/kg and oxyhemoglobin at
750 mg/kg within 30 minutes-suggest transient hema-
tological stimulation followed by dose-sensitive shifts.
By applying spectrophotometric analysis, this research
provides novel quantitative insight into the systemic
effects of a widely used herbicide.

These findings highlight the importance of incor-
porating hemoglobin-based biomarkers into pesticide
toxicity assessments and underscore the need for fur-
ther investigation into compensatory responses, oxida-
tive stress, and long-term consequences. The study
establishes a foundation for future research in veteri-
nary toxicology and environmental health, particularly
regarding erythrocyte dynamics and oxygen transport
regulation.
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Abstract

Urinary tract stones in cats can have severe and dangerous complications,
so evaluation the statistics of affected animals in different geographical areas
can be helpful. The most common stone types are calcium oxalate (CaOx)
and struvite that prevalence has changed over time. Breed, age, sex, lifestyle
and underlying conditions influence the formation of urinary stones. In this
study, 537 cats were evaluated over a six-month period at a veterinary clinic
in Qazvin. Approximately 7% of cats have urinary tract stones, that 90% in
the bladder and 10% in the kidney. Older male cats are more likely to develop
calcium oxalate (CaOx) uroliths, while struvite stones occur in younger female
cats. Persian and Domestic Shorthair breeds were most affected and were at
greater risk. Urinalysis revealed hematuria (72%), crystalluria (89%), and
urine pH >7 (40%). These results highlight value of urinalysis, combined with
clinical assessment and imaging, for effective diagnosis and management in
feline.

1. Introduction

Urinary tract stones (urolithiasis) are a major disease
in cats that can affect both upper and lower urinary
tracts and, in severe cases, can lead to serious clinical
complications and even death (Kopecny et al., 2021).
s This condition is associated with clinical signs such
as hematuria, dysuria, pollakiuria, urethral obstruc-
tion, and in some cases, acute renal failure. Accord-
ing to the Merck Veterinary Manual, urolithiasis is one
of the most common causes of urinary tract diseases
in cats and contributes significantly to patient visits
to veterinary clinics (Gomes et al., 2018). Complete
urethral obstruction can result in uremia and renal
failure within 36 to 48 hours, and if untreated, may
progress to coma or death within about 72 hours. The
term urinary stone refers to the presence of calculi in
any part of the urinary tract, although most cases are
reported in the bladder and urethra (Gomes et al.,

2018). Uroliths are classified based on mineral compo-
sition; therefore, qualitative and quantitative analyses
are essential for selecting the appropriate therapeutic
and preventive approach. Among the mineral composi-
tions, calcium oxalate (CaOx) and struvite have histor-
ically been the most common types of urolith types in
cats, although their relative frequencies have changed
over time (Gomes et al., 2018).

In recent years, a decrease CaOx stone and an in-
crease in struvite stones have been reported, which re-
quires more detailed investigations. Epidemiological
knowledge of the prevalence and composition of uri-
nary stones is an essential basis for treatment plan-
ning and preventive measures. Previous studies (in-
cluding the analysis of 4495 canine and feline uroliths
in the Benelux region and studies conducted between
1981 and 2008 have have emphasized the importance
of collecting epidemiological data to better understand
trends in urolith composition and prevalence (Picavet
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et al., 2007). For instance, an epidemiological study in
Mexico that examined data from 81 feline urolithe, it
was found that oxalate (54.3%) and struvite (32.1%)
to be the most common, followed by urate, cystine,
and silica in smaller proportions (Mendoza-López et
al., 2019). These results emphasize the dominance of
two main compositions (CaOx and struvite) in the for-
mation of feline urinary stones (Kopecny et al., 2021,
Hesse et al., 2012). In addition, retrospective studies
have shown that less common uroliths, such as urate
stones, are often associated with metabolic disorders
and liver disease. For example, urate stones in cats usu-
ally occur in association with underlying diseases and
that careful laboratory and diagnostic workup is nec-
essary to find the underlying cause (Dear et al., 2011).
Clinical presentation in patients with urinary calculi
can be highly variable. Some cats may remain asymp-
tomatic, while others develop hematuria, dysuria, or
even acute urethal obstruction. The type of stone, lo-
cation, and associated conditions such as chronic kid-
ney disease (CKD) can be critical in determining treat-
ment and prognosis (Taylor et al., 2025).

Urinary tract diseases are one of the main reasons
for visiting veterinary clinics and can affect animals of
all ages, breeds and sexes. urolithiasis is the second
most important cause of clinical signs consistent with
urinary tract disease in felids. It should not be viewed
as a single disease entity but rather as a multifacto-
rial disorder influenced by nutrition, metabolic abnor-
malities, genetic predisposition, and infections. Other
risk factors include breed, sex, age, obesity, sedentary
lifestyle, geographical location, and climate (Gomes et
al., 2018). Understanding the risk factors and patho-
physiology of urolithiasis is critical for selecting ap-
propriate therapeutic and preventive measures. This
knowledge not only facilitates diagnosis and treatment
but also helps identify at-risk populations and mini-
mize exposure to risk factors. Epidemiological data on
feline urolithiasis are therefore essential as the founda-
tion for both treatment and prevention (Hesse et al.,
2012).

2. Materials and Methods

This study was conducted on cats referred to a vet-
erinary clinic in Qazvin, Iran, between september 22,
2024, and March 20, 2025. Out of 537 referred cases, all
cats presenting with urinary complaints (such as hema-
turia, burning urination, obstruction, or frequent uri-
nation), were screened via ultrasonography for urolithi-
asis. They were divided according to breed, age, and
sex. the urine of these animals was obtained by cyto-
centesis and evaluated with urine dipstick. The sam-
ples were stored in sterile containers and examined
within a maximum of 60 minutes. Uroliths detected
by ultrasonography were categorized as bladder stones

or renal stones (including pelvic and parenchymal lo-
cations). For each affected cat, data on sex, age, breed,
stone location, and urinalysis results were recorded.
Data were analyzed using SPSS software, and statis-
tical significance was set at P<0.05 (t-test).

3. Result

During the six-month study period, 37 out of 537 cats
(6.9%) were diagnosed with urolithiasis. Among these,
33 (89%) had bladder stones and 4 (11%) had renal
stones (including pelvis or parenchyma). Gender anal-
ysis showed that the prevalence of the disease was
higher in male cats than in females; 22 (59%) were
males and 15 (41%) were females. In terms of age,
the highest frequency was observed in the 4–6-year
age group (15 cases; 41%), followed by the 7–10-year
age group (10 cases; 27%), the 1–3-year age group (8
cases; 22%), and finally, over 10 years old (4 cases;
11%). Domestic shorthair (DSH) cats were most af-
fected (20 cases; 54%), followed by Persian cats (10
cases; 27%), and other breeds (7 cases; 19%). In the
urinalysis, Hematuria was the most frequent abnormal-
ity (25 cases; 68%), followed by proteinuria (10 cases;
27%). Crystalluria revealed struvite (12 cases; 32%),
calcium oxalate (8 cases; 22%), and mixed/other types
(17 cases; 46%).

These results suggest that bladder stones were the
most common form of urolithiasis in the studied pop-
ulation, with middle age, male sex, and DSH breed
representing major risk factors.

4. Discussion

In this study, the prevalence of urinary stones among
cats visiting the clinic during the second half of 1403
was evaluated. Out of 543 referred cats, approximately
7% were diagnosed with urinary tract stones, of which
about 90% were located in the bladder and 10% in the
kidneys. Regarding sex distribution, three out of ev-
ery five affected cats were male and two were female.
The highest prevalence was observed in Persian and
Domestic Shorthair cats.

Calcium oxalate formation was associated with in-
creasing age, and struvite stones were more common
in younger cats. Therefore, the chance of successful
stone removal was higher in younger cats than other.
For example, a retrospective study in the Republic of
Ireland and Northern Ireland found that 54.3% of uri-
nary stones were calcium oxalate, 32.1% were struvite,
7.4% were purine (urate and xanthine), and 6.2% were
other types and Nearly 90% of the reported stones were
from domestic short-haired cats Also males mainly af-
fected by calcium oxalate stones and females more fre-
quently presenting with struvite stones (Ortega et al.,
2023). Similar studies in Mexico (Mendoza-López et
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al., 2019), Thailand (Hunprasit et al., 2019), Poland
(Lew-Kojrys et al., 2017), the United Kingdom (Ged-
des et al., 2023), and Kenya (Kimani et al., 2021) Fe-
males are more likely to be affected by struvite stones
(Dvorska et al., 2015). Genetic predisposition and
lifestyle, such as dry diets or indoor housing, were also
identified as factors (Hsu et al., 2022).

Urinalysis findings indicated crystalluria in 89% of
cases and hematuria was also observed in 72%. Urine
pH was above 7 in 40% of cases and urine specific grav-
ity was lower than the physiological state of the animal
(Lund et al., 2013). These findings demonstrate the im-
portance of thorough urinalysis for early detection and
prediction of stone type, Researchs have also shown
that acidity affects the type of stone (alkaline urine
causes struvite stones and acidic urine causes calcium
oxalate stones), so urinalysis is also helpful in treat-
ment (Okafor et al., 2019).

According to The Merck Veterinary Manual (12th
ed., 2023), Epidemiological data suggest that the
prevalence of urinary stones in cats is relatively low,
but their clinical significance is high, including urinary
obstruction and acute renal failure. Studies have in-
dicated that complete urethral obstruction in cats can
lead to uremia within 36–48 hours and may result in
coma or death within 72 hours.

Finally, comprehensive clinical assessment urine
and use imaging (ultrasonography and radiography),
is essential not only for the diagnosis and treatment
of urinary stones but also for preventing and guiding
dietary (Ayoub et al., 2024). Recognizing risk factors
such as age, sex, breed, diet, and environmental condi-
tions is crucial for identifying susceptible populations
and minimizing exposure to stone-promoting factors
(Mendoza-López et al., 2019).
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Abstract

Neospora caninum is a globally distributed parasite affecting animals,
especially dogs and cattle. Its pathogenesis depends on the balance between
the parasite’s ability to invade and multiply within cells and the host’s
capacity to limit infection. Encephalomyelitis and polymyositis are the most
significant pathological findings. The tachyzoites multiply inside cells, causing
necrosis and cell death. Clinical signs such as abortion and neuromuscular
paralysis are predominant in cattle and dogs, respectively. The most common
histopathological features include necrotic foci in the brain. The overall
prevalence of N. caninum in dogs and cattle worldwide is 17.1% and 20%,
respectively. In Iran, infection rates vary from 3.8% to 76.2% in cattle, zero to
54.6% in dogs, 0.9% to 9.9% in sheep, 6.2% to 10.8% in goats, 19.2% to 55.9%
in buffaloes, 20% to 2.42% in horses, 52% in donkeys, 3.2% to 27% in camels,
14% to 19% in cats, zero to 20.4% in rodents, 17.3% in chickens, 9.8% to
30.4% in pigeons, 2.8% to 3.7% in sparrows, and 9.9% in crows. Managing the
disease to reduce infection can improve animal productivity and help prevent
economic losses. To control the disease on a farm or regionally, it is advisable
to start with an initial assessment of the disease’s epidemiology and risk factors.

1. Introduction

Neospora caninum (N. caninum) is an obligate apicom-
plexan parasite (Dubey et al., 2007). A wide range
of animals are hosts for this parasite, but the main
definitive and intermediate hosts are dogs and cattle,
respectively (Dubey and Schares, 2011). Transplacen-
tal transmission of N. caninum is the primary route
of infection spread (up to 95%) in animals; however,
horizontal transmission of the infection via the in-
gestion of oocysts has an important role in causing
the disease and stormy abortions (Gharekhani and
Yakhchali, 2019, 2020; Gharekhani et al., 2021a). Dogs
are the main hosts that have a significant impact on
the life cycle of this parasite (Gharekhani et al., 2019;

Gharekhani et al., 2020a).
Abortion and neuromuscular disorders are the top

clinical manifestations in cattle and dogs, respectively
(Gharekhani, 2014; Heidari et al., 2014; Gharekhani
et al., 2013a; Gharekhani and Heidari, 2014a). Con-
genital infections in sheep and goats cause lambs to
be born with encephalitis (Gharekhani et al., 2013b,
2016, 2018). Neospora hughesi is a species closely re-
lated to N. caninum, which causes rapid-onset ner-
vous system impairment and paralysis in horses, com-
monly referred to as Equine Protozoal Myeloencephali-
tis (EPM) (Gharekhani et al., 2013c). Regarding hu-
man neosporosis, studies have shown that there are
varying levels of anti-N. caninum antibody titers in pa-
tients with AIDS and neurological symptoms. This dis-
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ease has not yet been confirmed in humans and requires
further investigations (Gharekhani et al., 2021b).

Neosporosis significantly affects the economy,
mainly due to abortion (Gharekhani, 2014). The
yearly estimated costs vary from a median of US$1.119
million within New Zealand’s beef sector to around
US$546.3 million in US dairy farms. In just these
two nations, the total annual costs surpass US$1 bil-
lion (Richel et al., 2013). Different laboratory meth-
ods, such as immuno-serology, pathology, bioassay,
cell culture and various molecular biology, are used
for detecting the infection (Gharekhani et al., 2014,
2021a, 2022, 2023). A precise diagnosis of abortions
linked to Neospora-infection is attained by evaluating
the timing of the abortion, conducting histopathologi-
cal examinations, employing different laboratory tech-
niques, and eliminating other potential causes of abor-
tion (Gharekhani et al., 2012; Gharekhani and Tavoosi-
dana, 2013; Gharekhani and Heidari, 2014b).

The control of N. caninum infection/neosporosis in
farms is divided into two main categories. The pro-
grams aim to reduce infection in final hosts to limit
the horizontal transmission of the parasite, as well as
methods to decrease infection in intermediate hosts,
prevent vertical transmission, and reduce the economic
losses. Vaccination is also a control measure for both
groups of hosts (Gharekhani and Yakhchali, 2022).

2. Epidemiology in Iran and other Coun-
tries

Neosporosis is a highly prevalent disease worldwide
(Dubey et al., 2007; Dubey and Schares, 2011;
Gharekhani et al., 2020a). There have been varying
accounts of N. caninum infection from different hosts
(Dubey et al., 2007; Dubey and Schares, 2011). In
a comprehensive evaluation (Anvari et al., 2020), the
pooled prevalence of N. caninum in dogs was 17.1%.
Moreover, the infection rates were found to be 15.8%
for males and 15.1% for females. Regarding different
locations, the infection rate was 26.5% in Africa, 21.3%
in Australia, 19% in Asia, 17.7% in Europe, and 15%
in America. In a similar study, the pooled prevalence
in the cattle population has been reported to be 20%
(America 20%, Asia 18%, Europe 15%, Africa 13% and
Australia 8%). The infection rate was higher in dairy
cattle than in beef cattle and also in cows with a history
of abortion 1.6 times higher than in others (Ribeiro et
al., 2019).

For the first time in Iran, N. caninum infection was
reported in dairy cattle from Mashhad (Sadrebazzaz
et al., 2004). Reports of Neospora infection in var-
ious hosts, especially cattle and dogs, have been re-
ported in Iran (Gharekhani et al., 2020a). In a meta-
analysis study, the seroprevalence of N. caninum in
cattle was reported to be 23.6%, and a statistically sig-

nificant association was detected between the infection
rate and history of abortion. There was no statisti-
cally significant difference among infection, age, and
breed (Ansari-Lari, 2020). In a recent report on infec-
tion from Iran, this rate was estimated to range from
3.8% to 76.2% in cattle, zero to 54.6% in dogs, 0.9% to
9.9% in sheep, 6.2% to 10.8% in goats, 19.2% to 55.9%
in buffaloes, 20% to 2.42% in horses, 52% in donkeys,
3.2% to 27% in camels, 14% to 19% in cats, zero to
20.4% in rodents, 17.3% in chickens, 9.8% to 30.4% in
pigeons, 2.8% to 3.7% in sparrows, and 9.9% in crows
(Gharekhani et al., 2020a). All studies conducted in
Iran are summarized in Tables 1-5.

3. Clinical and Pathological Findings

Neuromuscular disorders are dominant in dogs. Motor
nerve paralysis and muscle inflammation cause progres-
sive muscle contraction and fibrosis, as well as joint
stiffness (Gharekhani et al., 2013a, 2019, 2020b). In
addition, diarrhea, multifocal pulmonary consolidation
(necrotic and purulent bronchopneumonia), fibrinohe-
morrhagic enteritis, myocarditis, and nonpurulent en-
cephalitis are common (Dubey and Schares, 2011; Silva
and Machado, 2016). In pregnant dogs that are chron-
ically infected, bradyzoites switch back to tachyzoites
and cross the placenta, causing infection of the fetus.
finally, animals die due to CNS and muscular weakness
(Silva and Machado, 2016).

Abortion is the most significant symptom in preg-
nant cows. The majority of abortions caused by N.
caninum happen during the 5–6-month period of ges-
tation. In the endemic abortions, about 3 to 5% of
the herd aborts annually without any sudden increase,
whereas in epidemic outbreaks, more than 12.5% of
pregnant animals abort within 2 months (Dubey et
al., 2017). Exophthalmia, asymmetrical eyes, CNS dis-
orders such as hydrocephalus, and spinal cord steno-
sis are rare symptoms (Bowman, 2015). The pla-
cental inflammation, focal non-suppurative encephali-
tis, non-suppurative myocarditis, myositis, and exten-
sive infiltration of non-suppurative inflammatory cells
into other tissues are common (Dubey et al., 2017).
Cysts containing bradyzoites form mainly in brain
tissue. Multifocal necrosis and non-suppurative en-
cephalomyelitis are the main lesions in aborted fetuses.
The parasite invades the placental blood vessels, caus-
ing placental inflammation and vasculitis in the fe-
tus; extensive placental necrosis is also observed after
chorioallantoic degeneration (Sasani et al., 2013).

4. Molecular Biology and Pathogenesis

The surface proteins of N. caninum play a crucial role
in its survival, as they initiate the interactions between
the pathogen and the surface molecules of host cells,
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as well as the host’s immune response. The surface
of this parasite is coated with a family of glycosylphos-
phatidylinositol (GPI)-linked proteins (SRSs). Attach-

ment of the parasite to host cells and interaction with
the host immune response are mediated by SRS pro-
teins to regulate the virulence of the parasite.

Table 1
Frequency of Neospora caninum infection in cattle in different regions of Iran.

Region
Sample Diagnostic No. of

Positive% References
type method sample

blood ELISA 200 19 (Razmi et al., 2013)
Brain of

PCR 200 11.5 (Razmi et al., 2013)
aborted fetus
Blood ELISA 116 24.3 (Mikhchi et al., 2013)

Neishabour blood ELISA 100 26 (Nourollahifard et al., 2017)

Ahvaz blood ELISA 557 21 (Hajikolaei et al., 2008)

Golestan province blood ELISA 800 13.4 (Sattari et al., 2011)

Babol blood ELISA 237 32 (Youssefi et al., 2009)

Garmsar blood ELISA 104 38.5 (Ranjbarbahadori et al., 2010)

Arak
Brain of

PCR 38 26.3 (Khani et al., 2018)
aborted fetus

Tehran blood ELISA 768 38.8 (Salehi et al., 2010)

Kerman blood ELISA 285 12.6 (Nourollahifard et al., 2008)

Tabriz
blood ELISA 236 17.8 (Gharedaghi, 2012a)
blood ELISA 76 18.4 (Nematollahi et al., 2013)

Shiraz
blood ELISA 253 30.4 (Ansari Lari et al., 2017)
blood ELISA 180 32.1 (Tavanaee and Namavari, 2017)

Isfahan
blood ELISA 611 32.1 (Morovati and Noaman, 2016)
blood ELISA 1500 26.3 (Hosseininejad et al., 2017)
blood ELISA 216 19 (Noaman and Nabinejad, 2020)

Lorestan blood ELISA 347 9.8 (Nayebzadeh et al., 2015)

Shahrekord
Brain of

PCR 100 11 (Rafati and Jafarian, 2014)
aborted fetus
milk PCR 100 24 (Alipour et al., 2018)

Hamedan
blood ELISA 400 20 (Gharekhani et al., 2012)
blood ELISA 1406 17.4 (Gharekhani et al., 2013a)

Sanandaj blood ELISA 336 17.6 (Adhami et al., 2019)

Hamedan and
blood ELISA 768 14.2 (Gharekhani and Heidari, 2014a)

Sanandaj

Kurdistan blood ELISA 368 7.8 (Heidari et al., 2014)

Sistan blood ELISA 184 3.8 (Noori et al., 2019)

ELISA: enzyme-linked immunosorbent assay; PCR: polymerase chain reaction.

Table 2
Frequency of Neospora caninum infection in dogs in different regions of Iran.

Animals
Region

Sample Diagnostic No. of
Positive% References

type type method sample

Stray dogs

Tehran blood ELISA 42 2.2 (Pouramini et al., 2017)
Urmia blood IFAT 135 26.6 (Yakhchali et al., 2010)
Tabriz blood IFAT 100 31 (Gharedaghi, 2012b)

Hamedan
blood IFAT 200 52.8 (Gharekhani et al., 2013a)
blood ELISA 180 5 (Gharekhani et al., 2019)

Pet dogs
Tehran Stool IFAT 50 20 (Malmasi et al., 2007)
Mashhad Stool PCR 85 0 (Razmi, 2009)
Hamedan blood ELISA 184 4.9 (Gharekhani et al., 2020b)

Farm dogs
Tehran blood IFAT 50 28 (Haddadzadeh et al., 2007)
Mashhad Stool PCR 89 2.2 (Razmi, 2009)
Lorestan Stool PCR 428 2.1 (Dalimi et al., 2014)

ELISA: enzyme-linked immunosorbent assay; IFAT: indirect immunofluorescence antibody test; PCR: poly-
merase chain reaction.
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Table 3
Frequency of Neospora caninum infection in sheep and goats in different regions of Iran.

Animals
Region

Sample Diagnostic No. of
Positive% References

type type method sample

Sheep

Lorestan blood ELISA 586 1.5 (Ezatpour et al., 2013)
Tabriz brain tissue PCR 70 8.5 (Asadpour et al., 2013)
Tehran brain tissue PCR 330 3.9 (Arbabi et al., 2016)
Hamedan blood ELISA 358 2.2 (Gharekhani et al., 2013b)
Mashhad brain tissue PCR 71 9.9 (Razmi and Naseri, 2017)
Khuzestan blood ELISA 550 6.8 (Gharekhani et al., 2018)

Goat
Hamedan blood ELISA 450 6.2 (Gharekhani et al., 2016)
Khuzestan blood ELISA 158 10.8 (Gharekhani et al., 2018)

ELISA: enzyme-linked immunosorbent assay; PCR: polymerase chain reaction.

Table 4
Frequency of Neospora caninum infection in cats, camels, buffaloes, equids, and rodents in different regions of Iran.

Animals
Region

Sample Diagnostic No. of
Positive% References

type type method sample
Cat Ahvaz blood DAT 100 14 (Hamidinejat et al., 2011b)

Rodents
Ahvaz blood DAT 150 6 (Mosallanejad et al., 2018b)
Meshkin Shahr blood IFAT 157 20.4 (Nazari et al., 2020)

Camel
Mashhad blood IFAT 120 5.8 (Sadrebazzaz et al., 2006)
Esfahan blood IFAT 310 3.2 (Hosseininejad et al., 2009)
Yazd blood DAT 254 3.9 (Hamidinejat et al., 2013)

Buffaloe
Ahvaz blood ELISA 188 55.9 (Pourmahdi-Borujeni et al., 2015)
Urmia blood ELISA 83 19.2 (Rezvan et al., 2019)

Horse

Tabriz blood DAT 100 28 (Gharedaghi, 2011)
Shiraz blood DAT 200 40 (Moraveji et al., 2011)
Mashhad blood DAT 150 30 (Hosseini et al., 2011)
Hamedan blood DAT 120 40.8 (Gharekhani et al., 2013c)
Ahvaz blood DAT 235 20 (Tavalla et al., 2015)

Donkey Hamedan blood DAT 100 52 (Gharekhani et al., 2013c)

DAT: direct agglutination test; IFAT: indirect immunofluorescence antibody test; ELISA: enzyme-linked im-
munosorbent assay.

Table 5
Frequency of Neospora caninum infection in birds in different regions of Iran.

Birds
Region

Sample Diagnostic No. of
Positive% References

type type method sample
Chickena Shiraz blood DAT 150 17.3 (Sayari et al., 2016)
Pigeonb Ahvaz brain tissue PCR 102 9.8 (Bahrami et al., 2016)
Sparrowc Ahvaz brain tissue PCR 210 2.8 (Bahrami et al., 2015)

Tehran brain tissue PCR 217 3.7 (Abdoli et al., 2015)
Crowd Tehran brain tissue PCR 55 9.9 (Abdoli et al., 2018)

a=Gallus domesticus; b=Columba livia; c=Passer domesticus; d=Corvus cornix
DAT: direct agglutination test; PCR: polymerase chain reaction.

Proteins linked to the surface, micronemes, rhop-
tries, and dense granules play crucial roles during
the intracellular lytic cycle of N. caninum. Due to
their role in host-parasite dissemination, these ele-
ments could constitute potential drug targets and vac-
cine candidates (Soltani et al., 2013). There are bi-
ological differences in some strains. Nc-Liverpool has
a high pathogenicity and causes fetal death in preg-
nant cows. However, Nc-Nowra is used for attenuated

vaccines due to its low virulence. Nc-1 causes very se-
vere clinical signs such as fetal death in pregnant cows,
as well as granulomatous polymyositis and polyradicu-
loneuritis in dogs (Calarco et al., 2018).

The ability of pathogenic protozoa to persist and
spread relies on their capacity to escape or undermine
the immune responses of their host, both innate and
adaptive. Also, hormonal alterations during gesta-
tion may trigger reactivation of the parasite (Lopes et
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al., 2012). The transmission rate has a direct con-
nection with gestational age, perhaps related to pla-
cental vascularization because the placenta seems to
be more permeable in the last trimester (Dubey et
al., 2017; Gharekhani and Yakhchali, 2020). The pri-
mary placental damage causes the release of mater-
nal prostaglandins that, in turn, cause luteolysis and
abortion. Additionally, the development of fetal lesions
could result from the proliferation of N. caninum in the
fetus or due to insufficient oxygen/nutrition (Dubey
and Schares, 2011). The balance between the capacity
of the tachyzoite to penetrate and multiply inside the
cells has a positive impact on the parasite’s pathogen-
esis. The cell-invasion process has two different steps:
the adhesion to the host-cell surface and penetration
into the cell. Invasion is an active process that de-
mands metabolic energy exclusively from the parasite
(Silva et al., 2016). The inhibitor of aspartyl protease
in Neospora known as pepstatin, plays an important
role in assembling and trafficking the MIC and ROP
proteins into host cells, and has a significant impact
on parasite invasion. (Khan et al., 2020). NC-P43
is one of the most important and largest surface pro-
teins that play a key role in parasite adhesion and in-
vasion into host cells (Dubey et al., 2017). Interferon-
gamma (IFN-γ), IL-12, and Th1 lymphocyte responses
play a prominent role in the control of acute Neospora-
infection. Increased IFN-γ, by decreasing BCL-2 ex-
pression, causes apoptosis of infected cells. Activa-
tion of macrophages by IFN-γ leads to inhibition and
killing of Neospora through the production of nitric ox-
ide (Dubey et al., 2017). N. caninum causes necrotic
lesions and cell death by multiplying tachyzoites, and
also causes neuromuscular symptoms in the host by
destroying nerve cells. In the CNS lesions, the high-
est parasite invasion has been observed in astrocytes
(Khan et al., 2020).

5. Conclusion

Various researchers have frequently detected traces of
this infection in different animal species across various
regions of the world using multiple diagnostic methods
(Dubey et al., 2007). Many risk factors contribute to
the occurrence and spread of this infection on farms.
Due to their abundance, livestock farms are usually
not free of these factors (Gharekhani and Yackchali,
2019). Neospora has various mechanisms that promote
pathogenicity and tissue lesions in the host, thereby
supporting the parasite’s survival and transmission cy-
cle (Dubey et al., 2017). Infected animals are usually
asymptomatic. Additionally, the disease has been rec-
ognized as one of the main causes of economic losses
in the livestock industry (Reichel et al., 2013). Un-
derstanding the epidemiology of the disease in a region
and its transmission methods helps determine the most

appropriate strategy for controlling and preventing the
parasite (Riberio et al., 2019). Certainly, using multi-
ple methods simultaneously and addressing risk factors
will be more effective in managing the disease on a live-
stock farm or within an area. Managing the disease to
reduce infections will increase animal production and
offset economic losses. To control the disease on a farm
or within a region, it is recommended to begin with an
initial assessment of the disease epidemiology and risk
factors.
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Abstract

Meat products are highly susceptible to microbial spoilage, oxidation, and
quality deterioration because their biological structure is rich in protein, fat,
and moisture. Traditional packaging, which serves only a passive protective
role, is often inadequate and contributes to significant food waste. In recent
years, active and intelligent packaging technologies have emerged as novel
approaches to extend shelf life and enhance food safety. Smart packaging
technology aims to communicate data regarding the administration and
historical storage of food goods to elevate product quality and align with
consumer expectations. Meat is a highly perishable food that can cause
serious illness if spoiled. Various indicators and sensors have been developed
to alert about meat spoilage in the industry. Intelligent packaging systems
(IPSs) give consumers real-time information and indicate product status.
This review article, based on research up to 2025, examines active packaging
systems including antimicrobial, antioxidant, and oxygen-scavenging agents
and intelligent systems such as gas sensors, time–temperature indicators, and
Radio Frequency Identification (RFID). The application of these technologies
to meat products, including red meat, poultry, and processed items, with
focus on case studies, shows shelf-life increases of 20–50%. This technology
has great potential to become a standard tool in meat quality control and
could create a promising future for the industry.

1. Introduction

Meat products are a major source of protein in the
global diet, but rapid spoilage caused by the growth
of microorganisms such as Pseudomonas spp., Enter-
obacteriaceae and Salmonella spp., lipid oxidation, and
physical changes poses a major challenge. FAO reports
that more than 20% of the world’s meat production is
lost annually due to spoilage (FAO, 2023). Traditional
packaging (polyethylene films) acts only as a physi-
cal barrier and cannot interact with the internal en-
vironment of the package. In contrast, active packag-
ing, which releases or absorbs specific substances, and

smart packaging, which enables real-time quality mon-
itoring, offer advanced solutions. These technologies
have been developed since the 1990s and made signif-
icant progress in recent years through the integration
of nanomaterials, natural extracts, and artificial intelli-
gence. Consumers and manufacturers increasingly de-
mand strategies to extend the shelf life of food prod-
ucts and to monitor quality in real time. Recent stud-
ies (Ivanov et al., 2025) found that an increase of just
2◦C in cold chain temperature can raise the rate of
biogenic amine formation by 55%, highlighting the im-
portance of monitoring storage conditions and using
reactive packaging. Active packaging methods have
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been used to modify the conditions of packaged food
to improve safety and sensory properties and extend
its shelf life (Mohebi and Marquez, 2014). Active and
smart packaging has emerged as a transformative tech-
nology in food preservation, acting as a critical inter-
face to monitor and respond to environmental interac-
tions between packaged products and the surrounding
environment (Zhang et al., 2025).

Meat consumption has risen significantly over the
past 50 years; the global fresh and processed meat mar-
ket reached 277.5 million tons in 2020 and is projected
to grow to 292.92 million tons by 2027. However,
spoilage of meat products can cause economic losses
for producers and health risks for consumers. To ad-
dress this, smart packaging using markers and sensors
such as barcodes and radio-frequency tags has been
developed to ensure quality control and safety (Sani
et al., 2024). Despite significant advances, challenges
such as high costs and environmental concerns remain
(Mazhari and Mahmoudi-Meymand, 2002). The most
commonly used technologies include pH indicators, gas
sensors, temperature–time indicators, and RFID (Hi-
dayat et al., 2025). Active and smart packaging, as
emerging technologies, can preserve food quality and
safety throughout shelf life. These systems employ
sensors that respond to environmental changes and
are especially useful for meat products (Pourhamzeh,
2002) Nanotechnology offers substantial opportunities
for innovative biodegradable packaging, providing im-
proved barrier properties, mechanical strength, and ac-
tive functions (Mahdoyan-Mehr and Sedaghat, 2002).
Smart packaging has strong potential to become stan-
dard in the meat industry, particularly through inte-
grating gas sensors and freshness indicators that can
extend shelf life by up to 50%. This article reviews
the mechanisms, applications, challenges, and future
prospects of these technologies for meat products.

2. The Importance of Increasing the
Shelf Life of Meat Products

The shelf life of meat products depends on several fac-
tors, such as the type of meat (red, white, processed),
storage conditions (temperature, humidity) and pack-
aging method. For example, fresh red meat can last
only 3–5 days at refrigerated temperature (4◦C), while
processed products such as sausages may last up to 2
weeks. Modern technologies can increase this time by
up to 50%, which is crucial in the global supply chain,
especially in developing countries. Furthermore, driven
by global trends like consumer demand for natural and
sustainable products, the integration of plant extracts
and biodegradable materials into packaging has be-
come increasingly important. Smart packaging enables
monitoring of food quality, safety, integrity, cleanliness,
freshness and purity prior to consumption (Koneti et
al., 2023).

3. Active Packaging: Concepts, Types
and Mechanisms

Active packaging denotes systems that engage proac-
tively with the contents of the packaging or the ambient
environment to sustain the quality of food (Mazaheri
and Mahmoudi Meymand, 2024). Recent research indi-
cates that the implementation of such systems in meat
products enhances shelf life by mitigating microbial
proliferation and oxidative processes. Active packaging
encompasses various active components, including des-
iccants, scavengers, antimicrobial release mechanisms,
and antioxidants, which are employed in the vicinity of
the food to augment the efficacy of the packaging sys-
tem (Mohebi and Marquez, 2014). Active packaging
has risen to prominence as a revolutionary technology
in food preservation, serving as a pivotal interface to
monitor and react to environmental interactions be-
tween packaged goods and their surrounding environ-
ment (Zhang et al., 2025).

4. Types of Active Packaging

4.1. Antimicrobial Systems

These systems serve to suppress the proliferation
of bacteria, fungi, and pathogenic microorganisms
through the release of antimicrobial compounds. Fre-
quently employed materials encompass nano silver,
zinc oxide (ZnO), botanical extracts including essen-
tial oils derived from basil and thyme, as well as bac-
teriocins exemplified by nisin. (Zhang et al., 2025).
The operational mechanisms of these compounds en-
compass the infiltration of the bacterial cell membrane,
the induction of oxidative stress, the inhibition of es-
sential enzymatic functions, and the infliction of DNA
damage (Hakeem et al., 2020). For instance, agar films
infused with silver nanoparticles have demonstrated a
reduction in bacterial proliferation while concurrently
preserving the aesthetic properties, such as color and
texture, of refrigerated beef (Heng et al., 2021). Fur-
thermore, the synergistic application of chitosan film in
conjunction with clove essential oil within meat prod-
ucts has effectively suppressed the growth of Pseu-
domonas spp. and has extended the shelf life from 6
days to 12 days (Mohebi and Marquez, 2014). Antici-
pated advancements by 2025 entail nanoencapsulation
techniques for the controlled release of active agents;
for example, polylactic acid films incorporating nano
encapsulated thymol have been shown to prolong the
shelf life of mutton by as much as 14 days by diminish-
ing total bacterial counts to below 6 log CFU/g. The
strategic integration of these antimicrobial agents into
polymeric matrices serves to enhance meat safety and
is underpinned by standardized evaluation protocols
that ensure regulatory compliance and quality assur-
ance (Zhang et al., 2025).
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Table 1
Comparison of shelf life of various meat products in traditional and modern packaging.

Type of Shelf life in traditional shelf life in active/smart Percentage
meat product packaging (days) packaging (days) of increase
Fresh red meat 3-5 7-10 %50-100
Fresh poultry 4-7 10-14 %50-100
Processed sausage 7-14 14-21 %50
Hamburger 2-4 5-8 %100

Table 2
Types of active packaging and examples.

Type Common materials Mechanism Practical example

Antimicrobial Nanosilver, ZnO, Penetration into Chitosan film + clove essential oil:
Nisin, Basil/Thyme membrane, oxidative stress, Pork shelf life from 6 to 12 days
essential oils DNA degradation (Mohebi & Marquez, 2014)

Antioxidant/ Rosemary extract, Preventing Whey protein film + rosemary:
Oxygen Vitamin E, lipid MDA <0.5 mg/kg in salami after 90 days
absorber Iron powder peroxidation (Zhang et al., 2025)

Moisture/Ethylene Modified starch, Moisture absorption, Starch-lemon film:
control Silica gel ripening inhibition +8 days shelf life (Fraunhofer IVV, 2024)

4.2. Antioxidant and Oxygen Scavenger Sys-
tems

In the context of meat, lipid oxidation represents a
critical determinant of quality deterioration, as it re-
sults in the synthesis of undesirable compounds, no-
tably malondialdehyde (MDA). Active packaging mit-
igates this phenomenon by either liberating antioxi-
dant substances or sequestering surplus oxygen (Lee
et al., 2018). Frequently utilized antioxidant agents in
this form of packaging encompass vitamin E, rosemary
extract, natural polyphenols, and metallic adsorbents
such as iron powder (Jin et al., 2025).

For instance, whey protein films incorporating rose-
mary extract on salami successfully maintained mal-
ondialdehyde and hexanal concentrations below 0.5
mg/kg over a 90-day storage period at 5◦C, thereby
demonstrating enhanced oxidative stability compared
to traditional packaging methods (Zhang et al., 2025).
Recent innovations encompass the application of nano-
materials, such as titanium dioxide, within chitosan
films to enhance photocatalytic activity, which con-
sequently mitigated oxidation in poultry meat and
prolonged shelf life by as much as 7 days. One
prominent active packaging technology, Modified At-
mosphere Packaging (MAP), serves as a contaminant
barrier and selectively inhibits spoilage microorgan-
isms, thereby extending food shelf life (Mohebi and
Marquez, 2014).

4.3. Humidity and Ethylene Control Systems

Maintaining humidity levels within the packaging is
essential to avoid mold formation and alterations in
texture. Bio-based films like starch-lemon, which
possess moisture-absorbing capabilities, have demon-
strated the ability to extend the shelf life of meat prod-
ucts by approximately 8 days (Fronfer IV, 2024). A

new generation of modified starch-based moisture ab-
sorbers has proven to be around 2.5 times more ef-
fective than silica gel absorbers, highlighting the ef-
fectiveness of biodegradable materials in eco-friendly
packaging solutions (Mundak, 2024). In addition, ac-
tive ethylene-absorbing films reduce the rate of spoilage
and maintain the color and freshness of the product.
(Khodaei et al. 2023).

5. Materials and Manufacturing Tech-
nologies

Active and intelligent packaging is fabricated from a di-
verse array of materials, frequently comprising natural
or synthetic polymers that incorporate active agents
(such as antimicrobials or antioxidants) or exhibit in-
telligent functionalities (such as sensors). Such mate-
rials are required to exhibit characteristics including
biodegradability, food safety, and economic viability
(Jiang et al., 2023). Recent literature indicates that
foundational materials encompass biopolymers (includ-
ing chitosan, gelatin, starch, and polylactic acid or
PLA) and nanomaterials (such as nano silver, zinc
oxide or ZnO, and titanium oxide or TiO2) sourced
from natural origins or agricultural by-products to pro-
mote environmental sustainability (Ahari and Soufiani,
2021). Furthermore, synthetic polymers like polyvinyl
alcohol (PVA) and polyhydroxyalkanoates (PHA) are
employed to enhance mechanical and sensory charac-
teristics (Biji et al., 2015).

6. Types of Materials Utilized

Biopolymers and Bio-based Materials: These
substances are obtained from renewable sources such
as food by-products (like fruit peels, shrimp shells, or
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plant residues) and encompass chitosan (derived from
chitin in crustacean shells), gelatin (originating from
animal proteins), starch (extracted from corn or pota-
toes), cellulose (from plant sources), and Poly Lactic
Acid (produced from lactic acid fermentation). These
materials are biodegradable and can integrate active
agents such as anthocyanins (extracted from red cab-
bage or black rice as pH indicators) or plant essen-
tial oils (such as lemon oil or curcumin) to impart
antimicrobial or antioxidant attributes (Mkhari et al.,
2025). For instance, chitosan is utilized in active films
to inhibit bacterial growth, such as that of E. coli, ow-
ing to its intrinsic antimicrobial properties (facilitated
by amino groups) (Puebla-Duarte et al., 2023). Bio-
based materials like PHB (polyhydroxybutyrate) are
also suitable for intelligent packaging, possessing the
capability to respond to environmental cues (such as
temperature or humidity) (Ahari and Soufiani, 2021).

Nanomaterials: Metallic nanoparticles such as
nanosilver (noted for potent antibacterial properties in
fruits and vegetables) or ZnO and TiO2 (utilized for
ethylene and moisture regulation in perishable items)
are incorporated to enhance barrier and sensing func-
tionalities. For example, cellulose nanocrystals (CNCs)
derived from plant biomass are employed to create oxy-
gen barriers within films (Jiang et al., 2023). Nanocom-
posites such as nanoclay (to augment barrier properties
in beer packaging) or halloysite nanotubes (for ethylene
absorption in tomatoes) are also prevalent (Biji et al.,
2015).

Smart and Hybrid Polymers: Stimuli-responsive
polymers like PNIPAAm (N-isopropylacrylamide) for
controlled release contingent upon temperature (with
a critical temperature below 32◦C) or conductive poly-
mers such as PEDOT: PSS for gas sensing applications
are utilized. Hybrid formulations, including chitosan-
starch or PLA-PEO for moisture indicators (exhibiting
color change at humidity levels exceeding 60%), have
been innovated (Mkhari et al., 2025).

7. Manufacturing Methods

Electrospinning: This technique is used to produce
nanofibers, enabling the inclusion of active compo-
nents like curcumin in PVA fibers for prolonged re-
lease. Recently, it has been applied to create smart
films that contain antimicrobial nanostructures, such
as those made from PLA/PEO combined with phyco-
cyanin to serve as pH indicators (Ahari and Soufiani,
2021; Mkhari et al., 2025).

Extrusion and Molding: This industrial approach
supports large-scale production of films, such as the
extrusion of LDPE with curcumin or PLA mixed with
-tocopherol for oxygen absorption. It enhances barrier
properties by integrating nanocomposites like starch-
clay (Biji et al., 2015; Jiang et al., 2023).

Solvent Casting: A simple, laboratory-scale method
for producing thin films involves combining gelatin
with anthocyanins and drying the mixture to create
indicators for meat freshness. This approach is also
effective for incorporating natural extracts such as es-
sential oils (Puebla-Duarte et al., 2023).
3D Printing: This modern technology allows for
the creation of intricate structures, including chitosan-
anthocyanin films for pork quality indicators and
hydrogel-oleogel bigels containing anthocyanins to de-
tect volatile amines. It offers excellent scalability and
customization of properties (Mkhari et al., 2025; Ahari
and Soufiani, 2021).
Nanotechnology Integration: This encompasses
methods like nano-coating (for example, applying nano
silver to gelatin films) or encapsulation (such as using
magnetic silica nanoparticles for turmeric oil) to enable
controlled release. Techniques such as thin film depo-
sition or solvent-based chemistry are utilized in sensor
development (Puebla-Duarte et al., 2023). These inno-
vative technologies, which focus on sustainable materi-
als and methods, hold great promise for reducing food
waste. Nonetheless, challenges like production costs
and the scalability of these processes in industry still
need to be addressed (Biji et al., 2015).

Fig. 1. “Design of a smart and active packaging sys-
tem (a), prototype of smart packaging (b), and its ap-
plication on fresh beef (c).” (Dirpan et al., 2022).

8. Smart Packaging: Real Quality Mon-
itoring

Smart packaging offers immediate information concern-
ing the status of food without needing to open the
package, utilizing sensors and indicators. These tech-
nologies enhance quality, safety, and streamline the
supply chain. The importance of monitoring or assess-
ing food quality from production to consumption has
grown due to increasing consumer satisfaction, mini-
mizing food waste, and preventing foodborne illnesses
(Mohebi and Marquez, 2014). In the present day, food
packaging not only protects food from contamination
and aids in distribution but can also monitor food from
the manufacturing stage until it reaches consumers.

New Active and Intelligent Packaging Technologies to Increase the Shelf life of Meat Products: 21–28 24



Smart packaging can be viewed as a system capable of
executing intelligent tasks such as sensing, detecting,
tracking, recording, and communicating, facilitating
decisions to extend shelf life, improve quality, enhance
safety, provide information, and alert about possible is-
sues. Smart packaging systems comprise data carriers,
indicators, and sensors. Indicators deliver visual cues
that reflect the internal condition of food items. Digi-
tal sensors monitor alterations in the product through
the use of transducers (koneti et al., 2023).

9. Types of Smart Packaging

9.1. Time-Temperature Indicators (TTI)

TTIs reflect cumulative temperature variations
through a permanent color change. This process is
driven by lipid hydrolysis or enzymatic activity. In
meat products, TTI based on lipase activity fore-
casts microbial development in chilled meat packaging,
thereby extending the product’s shelf life by mitigating
temperature abuse. Research demonstrates a strong
correlation (R=0.98) with microbial growth in meat.
Time-temperature indicators (TTIs) have become vi-
tal instruments for thorough quality monitoring within
meat supply chains, furnishing essential real-time in-
formation that influences various facets of food man-
agement, including quality assurance, consumer confi-
dence, and compliance with regulations (Zhang et al.,
2025).

Furthermore, temperature monitoring indicators
(TTIs) are classified into three groups based on their
performance: critical temperature indicators (which
identify exposure to temperatures that exceed or
fall below a specified threshold), integrated temper-
ature/time indicators or partial history indicators
(which detect temperature mismanagement affecting
quality), and integrated time-temperature indicators or
full history indicators (which track the complete tem-
perature history and identify abuse). TTIs operate
based on various principles, including chemical types
(like polymerization-based, photochromic, and oxida-
tion reactions), physical mechanisms (such as diffusion,
nanoparticles, and electronics), enzymatic types (e.g.,
hydrolysis using enzymes such as lipase), biological
methods (like yeast and lactic acid bacteria), changes
in photonic networks, and combinations of polymers
and thermal dyes (Abekoon et al., 2024). As an il-
lustration, enzymatic TTIs induce pH shifts via the
hydrolysis of lipid substrates, resulting in a color tran-
sition (for example, from green to orange/red), and
this process is linked to microbial proliferation (Zhang
et al., 2025).

The functioning of TTIs involves irreversible
changes influenced by time and temperature through
mechanisms such as chemical, mechanical, electro-
chemical, enzymatic, or microbiological activities that

result in observable effects, including color shifts, color
movement, or physical deformation. For example,
polymerization-based TTIs utilize the solid-state poly-
merization of monomers featuring acetylene groups;
photochromic TTIs depend on the thermal fading of
photochromic compounds for color alteration; and ox-
idation reaction-based TTIs are grounded in redox re-
actions with oxygen (Abekoon et al., 2024). In meat-
related applications, nanoparticle TTIs, utilizing sil-
ver (AgNPs) and gold (AuNPs) nanodispersions within
3D-printed plant resin containers, identify cumulative
temperature fluctuations through colorimetric alter-
ations; for instance, AgNPs above 22◦C produce a
yellow-green color shift due to an increase in nanoparti-
cle concentration, whereas AuNPs below 4◦C result in
a red-purple color change through aggregation (cryoag-
glomeration) (Alcañiz et al., 2025). These mechanisms
are effective for monitoring the cold chain in perishable
items such as meat and can extend shelf life by curb-
ing microbial growth. In meat and seafood products,
temperature time indicators (TTIs) like the OnVuTM

system are utilized to estimate color changes in cold
meat and to monitor the shelf life of ready-to-eat cold-
smoked items, which are linked to microbial growth
(Zhang et al., 2025). Recent developments feature en-
zymatic TTIs that evaluate the freshness of fish by
measuring pH alterations resulting from lipid break-
down, thereby minimizing safety hazards (Zhang et
al., 2025). The benefits of TTIs encompass enhanced
management of the cold chain, reduction of waste by
indicating spoilage risks, and increased consumer sat-
isfaction by offering storage details. These external
indicators facilitate prompt decision-making and can
be integrated with intelligent packaging systems for
tracking and HACCP protocols (Abekoon et al., 2024).
However, there are drawbacks such as their exclusive
focus on temperature (neglecting factors like humidity
or oxygen), the irreversibility of many TTIs, and the
high costs associated with small producers (Zhang et
al., 2025).

9.2. Gas and pH Sensors

These sensors identify volatile substances, including
amines (TVB-N), CO2, and H2S. The detection meth-
ods involve either electrochemical reactions or color
changes. Anthocyanin-agar films can detect putrescine
in pork with a sensitivity range of 1-5 ppm and a re-
sponse time of 2-5 minutes, allowing for an extension of
shelf life up to 72 hours. Recent advancements feature
titanium dioxide-polyaniline sensors capable of detect-
ing ammonia in pork, showing a response of 0.82 at
a concentration of 100 ppm. Odor is a crucial fac-
tor in determining the freshness of meat. Each type
of meat has distinct characteristics of volatile com-
pounds, resulting in a unique smell for every product.
Research has indicated that biogenic amines like tyra-
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mine, tryptamine, putrescine, and cadaverine have sig-
nificant correlations with traditional quality indicators
such as total bacterial count, pH, and TVBN in meat
products (Mohebi and Marquez, 2014).

9.3. RFID and IoT Systems

RFID technology enables real-time monitoring and is
combined with sensors to forecast freshness. In the
case of pork, utilizing passive RFID along with ma-
chine learning achieves a freshness prediction accuracy
of 96.9%. As an essential information technology in
food packaging, radio frequency identification (RFID)
technology encodes extensive product details on mi-
crochips, which include the product name, ingredients,
functional attributes, origin, shelf life, weight, price,
and usage instructions (Zhang et al., 2025).

9.4. Integration of Active and Intelligent Pack-
aging

Hybrid systems like chitosan films that incorporate
color indicators and antimicrobial substances can si-
multaneously monitor and preserve food. This com-
bination enhances the shelf life of chicken meat by an
additional 6 days. The findings indicated that smart
packaging provides various benefits compared to con-
ventional packaging, including antimicrobial proper-
ties, antioxidant effects, and prolonged shelf life, par-
ticularly in industrial processing settings (Khodai et
al., 2023).

10. Application in Meat Products

10.1. Case Studies

Red meat shelf life was extended by 6 days using chi-
tosan films with eugenol for chicken, which reduced
microbial counts. Gelatin coatings with nisin inhib-
ited Listeria in processed beef, extending shelf life up
to 10 days. Nanoparticle H2S sensors accurately de-
tected spoilage in poultry and seafood. Meat products’
(poultry, red meat, and seafood) short shelf life is due
to spoilage and oxidation from microbial activity and
metabolic/enzymatic processes (Sani et al., 2024).

10.2. Effects on Shelf Life

These innovations enhance shelf life by 20-50% by de-
creasing waste and boosting safety. For instance, with
pork, active systems manage TBARS levels and pro-
long shelf life from 5 to 12 days. As a result, these
systems have been utilized to enhance the shelf life and
texture of meat and meat products. It is essential to
monitor the amount of smart ingredients included in
the packaging, as they significantly influence the qual-
ity, nutritional characteristics, and overall cost of food
items (Khodai et al., 2023).

10.3. Challenges and Future Outlook

The outlook for advanced and intelligent packaging
technologies in meat products is certainly encouraging,
yet it faces several challenges that necessitate creative
solutions and strategic funding. A key obstacle is the
elevated cost associated with manufacturing and de-
ploying these systems, which might hinder widespread
acceptance in developing nations. Furthermore, con-
cerns regarding the migration of active substances (like
nanoparticles or chemical agents) into food necessitate
thorough safety evaluations and stringent regulations
from bodies such as the FDA and EFSA to guaran-
tee that these technologies remain safe for health. An-
other significant challenge is environmental sustainabil-
ity, as many existing materials are derived from non-
biodegradable plastics, contributing to ecological pol-
lution. Transitioning from laboratory development to
full-scale industrial production also presents obstacles,
including issues with scalability, the consistency of per-
formance, and reliability, all of which demand consid-
erable investments in state-of-the-art equipment and
refined processes (Sani et al., 2024).

The future of this sector is brimming with new
advancements. By incorporating artificial intelligence
(AI) and machine learning into intelligent systems,
more precise predictions regarding spoilage can be
made; for instance, AI algorithms can evaluate sensor
data and provide early warnings, potentially extend-
ing shelf life by as much as 50%. The emergence of
innovative biodegradable materials, like starch-based
biopolymers or chitosan enhanced with natural nano-
materials, will promote eco-friendly and sustainable
packaging while assisting in minimizing environmental
impacts.

Table 3
Types of smart packaging.

Type Mechanism Application in meat
Time-temperature Enzymatic/chemical Microbial growth prediction
indicator (TTI) color change (R2=0.98) (Zhang et al., 2025)
Gas/pH Color/electrical change S Detection of putrescine in pork
sensor against amines, CO2, H2S (sensitivity 1-5 ppm)
RFID + Digital tracking + 96.9% accuracy in freshness prediction
IoT ML prediction (Sani et al., 2024)
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Next-generation technologies will include stimuli-
responsive systems that react to environmental al-
terations such as temperature or pH, boosting effi-
ciency. Moreover, marrying the Internet of Things
(IoT) with RFID technology can completely digitize
the supply chain, facilitating traceability from farm to
table, which not only enhances safety but also aids in
decreasing global waste. The rising adoption of these
technologies—projected to grow annually at over 10%
until 2030—suggests significant commercialization po-
tential, particularly in developing regions like Asia and
the Middle East. Future studies should emphasize in-
ternational partnerships, comprehensive field testing,
and the establishment of global standards, so these in-
novations can become standard instruments within the
meat industry and support worldwide objectives like
food security and sustainability (Hidayat et al., 2025;
Zhang et al., 2025).

11. Conclusion

Active and intelligent packaging solutions, representing
significant advancements in the food sector, have re-
sulted in a remarkable change in how meat products are
preserved and their shelf life is extended. By employing
sophisticated methods like the controlled release of an-
timicrobial and antioxidant substances, absorption of
oxygen and moisture, and real-time monitoring of qual-
ity metrics such as pH, volatile gases, and temperature
fluctuations, these systems effectively address conven-
tional issues like microbial spoilage, lipid oxidation,
and the deterioration of sensory qualities. Research
highlighted in this article indicates that the use of these
technologies across various meat products—from fresh
red meat and poultry to processed items like sausages
and hamburgers—has led to shelf life enhancements
of 20 to 100 percent. This not only significantly cur-
tails food waste (as reported by the FAO, over 20 per-
cent of meat production ends up wasted each year) but
also enhances food safety and reduces health hazards
linked to pathogens such as Salmonella and Listeria.
The combination of natural materials, including plant
extracts like rosemary and thymol, with nanotechnol-
ogy has not only bolstered the effectiveness of these
systems but also advanced environmental sustainabil-
ity, since many of these materials are biodegradable
and serve as viable alternatives to traditional plastics.

Additionally, intelligent packaging incorporating
tools like time-temperature indicators (TTI), gas sen-
sors, and RFID systems facilitates real-time observa-
tion of the supply chain and empowers consumers to
make better-informed choices. The analyzed case stud-
ies indicate that these technologies not only increase
the shelf life of products (for instance, extending it
from 5 to 12 days in pork) but also assist in lower-
ing production costs while enhancing consumer sat-

isfaction by offering clear information about product
freshness and safety. Ultimately, these results highlight
that active and smart packaging has transformed from
a merely experimental idea or futuristic concept into
a strategic and practical approach that is primed for
broad implementation within the food sector. These
innovations can enhance the competitiveness of meat
products in the global marketplace, reduce waste, and
aid in achieving sustainable development goals, such as
minimizing food waste by 2030. Nonetheless, the over-
all effectiveness of these systems hinges on addressing
current challenges and prioritizing applied research to
ensure these technologies become an essential compo-
nent of the food supply chain (Hidayat et al., 2024).
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Abstract

The Khalkhali goat is a black dairy breed found in the Azerbaijan region.
The Harderian gland is only found in some species. These glands secrete
an oily substance rich in porphyrin that facilitates the movement of the
eyelids over the eye and creates an immune response. So far, no study has
been conducted on the histological structure of the Hardin glands in the
eyes of Khalkhali goats. In this study, 4-goats slaughtered at the Zanjan
slaughterhouse were used. After, the heads of the goats were separated from
the trunk and the eyelids along with the Hardin glands were separated from
the skull bone. The samples were placed in 10% formalin. The sample was
fixated and entered the tissue passage and after preparing paraffin blocks,
5-µm thick sections were prepared and stained using the hematoxylin-eosin
method. Histological examination showed that this gland in the Khalkhali
goat is covered from all sides by a capsule of tissue. Blades of the capsule
enter the parenchyma of the gland and divide it into lobules. The lobules
of this gland include serous, mucous, and seromucous secretory units, and
the secretions of these units are collected by intralobular ducts. It can be
concluded that the Harderian gland in the Khalkhali goat breed was similar
to the Harderian glands of the alpaca in terms of the type of secretions of
the acini units and in terms of the interlobular and extralobular ducts, it
was very similar to the existing reports on cattle, other goat breeds, and sheep.

1. Introduction

The goat, scientifically known as (Capra aegagrus hir-
cus), is a domesticated animal of the order of the un-
gulates, the family of the Bovids, the subfamily of the
Capidae, and the genus of the Goats. The first signs of
goat domestication were found in Iran, dating back to
about 10,000 BC. The anatomy of goats is not much
different from that of sheep, except for some things
like tail and hair, which also vary between breeds. The
pupil of the eye in goats is a horizontal rectangle with
convex corners (Rana, 2023).

The Khalkhali goat is a black dairy breed. The dis-

tribution area of this breed is in the Moghan plain and
around Khalkhal city. The hair coat of this breed is
long and thick and the ears are wide and short. The
amount of milk produced by this breed of goat in one
period is 130 liters (Nasirain et al., 2009).

Among the anatomical and morphological features
of the eye in small ruminants, one can mention the or-
bital bone, which is approximately 37 to 38 mm wide
and approximately 41.2 mm long. The angle between
the two eyes is approximately 90 degrees. The volume
of the orbital cavity is approximately 1.1 compared to
the eyeball. The orbital depth is 45 to 50 mm and
the angle between the two orbital cavities is 115 to 120
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degrees. The orbital rim is completely surrounded by
bone and is formed by the junction of the cheekbones,
frontal bone, and lacrimal bone. The orbital rim is fis-
sured and rough in small ruminants. The ducts of the
eye glands are connected to each other by bones. The
duct is a protruding bone located in the anterior and
posterior parts of the eye canal and is approximately 3
mm wide and 2 mm long.

The eyelids of goats are movable and much thinner
than those of cattle. The upper eyelid is thicker than
the lower eyelid. These folds of skin protect the eye
from external damage. They also help keep the cornea
moist and regulate the amount of light entering the eye.
The upper, lateral, and third eyelids are the lateral or-
gans of the eye whose normal structure is essential for
proper eye function. The eyelids protect the eye from
damage and control the amount of light entering the
eye by opening and closing the palpebral fissure. The
inner eyelid or third eyelid is referred to in veterinary
terminology as Palpebra tertia, but it also has other
names such as eyelid membrane (Schlegel et al., 2001).

The superficial glands of the third eyelid surround
the base of the stalk of the T-shaped cartilaginous
plate. These glands are structurally similar to the
lacrimal glands of Boh and also participate in the se-
cretion of a thin layer of tear film. These glands are of
the serous type in horses and cats, of the seromucous
type in cows and dogs, and of the mucous type in pigs.
Most acinar cells secrete lipids. The deep third eyelid
gland is only present in cattle and pigs (Heatley, 2005).

The lacrimal system consists of the lacrimal gland,
the lacrimal sac, and the duct system that runs from
the eye to the nasal area. The lacrimal gland is a broad,
oval, pink-colored gland that surrounds the orbital tis-
sue and is covered by bone, and may be partially hid-
den by the fat surrounding the eyeball. The lacrimal
gland measures 2.8 cm in the mediolateral direction,
about 2 cm in the anterior-posterior direction, and 5
mm when the layers are compressed between the bone
and the eyeball. Both lacrimal ducts start at a corre-
sponding point and converge towards the medial mar-
gin, passing through the orbit and finally opening into
the lacrimal sac. The superficial layer of the canal may
change from squamous to cuboidal, and a few goblet
cells may be seen. The lacrimal sac is located in the de-
pression of the lacrimal bone and transports tears from
the lacrimal canal to the nasolacrimal bone canal. The
lacrimal duct passes through the lacrimal canal and
then the lacrimal groove ends in the maxillary bone and
the posterior part of the nostril. When the duct leaves
the lacrimal canal and enters the lacrimal groove, its
medial surface is covered by nasal mucosa (Coulombre
et al., 1962; Kassab and El-Zoghby. 2010; Olopade et
al., 2005; Gelatt et al., 2008).

The Harderian gland (deep gland of the third eye-

lid) is present only in some species. It is absent
in species such as carnivores, primates, and humans.
However, it is well developed in many laboratory an-
imals, amphibians, reptiles, and birds (Sisson et al.,
1975). These glands secrete an oily substance rich in
porphyrin that facilitates the movement of the eyelids
over the eye. They are a site for the immune response, a
source of lipids for thermoregulation and pheromones,
and a protective organ for the retina-pineal axis (Emily
et al., 2015). Considering the role of this gland in the
function and health of the eyelids and eyes, and also
considering the fact that no study has been conducted
so far regarding the histological structure of the Hardin
glands in the eyes of Khalkhali goats, the histological
structure of this gland was examined in the present
study.

2. Materials and Methods

In this study, 4 goats (2 male goats and 2 female
goats) slaughtered at the Zanjan livestock slaughter-
house were used. After slaughter, the goats’ heads were
separated from the trunk, the heads were placed on a
table, and then the eyeballs and eyelids, along with
the Hardin glands, were separated from the skull bone.
The samples were placed in 10% formalin. After the
minimum time required for tissue fixation, the samples
were dehydrated, clarified, and embedded in paraffin
using a tissue passager, and finally paraffin blocks were
prepared from the samples. Each sample was stained
with hematoxylin-eosin after being sectioned at 5 µm
thickness. The stained sections were examined under
a light microscope at magnifications of ×4, ×10, ×40,
and 100×.A Dino late camera and Dino capture ver-
sion 2 software were used to capture images of the slides
(Morovvati and Kalantari-Hesari, 2019).

3. Histological Results

Regarding the histological examination of the Hardin
glands in the Khalkhali goat, it should be noted that
this gland is surrounded by a capsule of relatively hard
connective tissue, along with connective fibers and adi-
pose tissue. Blades of the capsule enter the gland
parenchyma and divide it into lobules. The lobules
of this gland contain serous, mucous, and seromucous
secretory units (Fig. 1, parts A and B), and the secre-
tions of these units are collected by intralobular ducts.
These intralobular ducts are lined with simple cuboidal
epithelium or stratified cuboidal epithelium with a few
visible layers (Fig. 1, part C). The intralobular ducts
end in the interlobular ducts. The interlobular ducts
are larger, located between the lobules, and are lined
by a stratified cubic epithelium with a higher number
of layers (Fig. 1, Part D).
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Fig. 1. Cross-section of the Harderian gland in the third eyelid of a Khalkhali goat with hematoxylin-eosin
(H&E) staining and ×100 magnification. A) No. 1: gland capsule, No. 2: gland lobules, and No. 3: septa
branching from the capsule. B) Secretory units of the third eyelid Harderian gland of a Mahabadi goat with
H&E staining and ×400 magnification (No. 1: serous unit, No. 2: mucous unit, No. 3: seromucous unit, and
No. 4: intralobular duct with simple cuboidal epithelium). C) No. 1: Septa branching from the capsule, No.
2: Serous secretory units, No. 3: Mucous secretory unit, No. 4: Intralobular collecting duct with stratified
cuboidal epithelium and interlobular collecting duct with stratified cuboidal epithelium. D) No. 1: Interlobular
collecting duct with stratified cuboidal epithelium.

Given that goats play an important role in the
economy of some countries, knowledge of the anatom-
ical condition and function of the various systems and
structures of the animal’s body can help diagnose dis-
eases and abnormalities and also be useful in maintain-
ing their health. The predominant glands in the eyes
of mammals and domestic animals are the lacrimal
glands, which may have different locations. The shape
of these glands may also vary (Klećkowska-Nawrot et
al., 2015).

It has been stated that the secretory acinar units
in the Harderian glands of alpaca are composed of
long, irregular cone cells with a very narrow lumen
in the middle, while the ducts or excretory ducts are
lined by a layer of simple or stratified cuboidal epithe-
lium (Klećkowska-Nawrot et al., 2015). Similar reports
have been reported in cattle, buffalo, goats and sheep
in Iran (Gargiulo et al., 1999; Gargiulo et al., 2000;
Kühnel 1968a, b; Shadkhast and Bigham. 2010; Sinha
and Calhoun. 1966). Secretory units in the Hardin
glands of Khalkhali goats were also composed of long
and irregular cone cells. Also, the intralobular ductal
epithelium was composed of simple cuboidal to strati-

fied cuboidal type with a low number of layers, which
was consistent with previous reports.

It has been shown that the Harderian glands
in deer and goats are of the serous type (Kühnel.,
1968a; Klećkowska-Nawrot et al., 2013). In histo-
logical examination of the Harderian glands of al-
paca, these glands were diagnosed as seromucous type
(Klećkowska-Nawrot et al., 2015). While in the present
study, serous, mucous and seromucous secretory units
were observed.

Histological examination of the Harderian gland in
goats revealed that this gland is of the lobar-alveolar
type with a holocrine secretion that is surrounded by
a thin connective tissue capsule. Blades from this
capsule penetrate into the gland tissue and divide it
into lobules (Rajathi et al., 2019). The results of the
present study were consistent with previous reports re-
garding the connective capsule surrounding the gland.

It has also been reported that secretory units in
goats consist of acini with a single layer of columnar
cells lined with intracellular eosinophilic vacuoles (Ra-
jathi et al., 2019). The results of the present study
were also consistent with previous reports regarding
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the shape of secretory cells. It has also been stated
that the duct system of the Hardin glands in goats
starts from the intralobular ducts and ends in the
main excretory duct on the surface of the eyelid. The
intralobular ducts are covered by simple cuboidal or
cylindrical epithelial tissue, which is mostly in a sin-
gle layer. The union of these ducts forms interlobular
ducts that may be lined by simple columnar to strat-
ified squamous epithelium (Rajathi et al., 2019). In
the present study, secretions from acinar units were
observed through intralobular ducts lined by simple
cuboidal epithelium or stratified cuboidal epithelium
with a low number of layers. The intralobular ducts
end in larger interlobular ducts, which are located be-
tween the lobules and are lined with stratified cubic
epithelium with a higher number of layers. According
to the results of the present study and the existing
reports in this field, the histological structure of the
Hardin glands in the Khalkhali goat breed was exam-
ined in terms of the shape of the secretory cells similar
to most animals. In terms of the type of secretions,
the acini units were similar to the Hardin glands of the
alpaca, and in terms of the interlobular and extralob-
ular ducts, it was very similar to the existing reports
on cattle, other goat breeds, and sheep.
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suchungen an Tränendrüsen. Zeitschrift für Zell-
forschung und Mikroskopische Anatomie. 1968
Dec;89(4):550-72.

[9] Miedel EL, Hankenson FC. Biology and diseases
of hamsters. InLaboratory animal medicine 2015
Jan 1 (pp. 209-245). Academic Press. 209-245.

[10] Morovvati, H., Kalantari-Hesari, A. (2019) Text
book of histotechniques and lab management. Uni-
versity of Tehran Press. First Edition.

[11] Nasirian, A., Pashmi, M., Haji Seyed javadi,
M.M., Nouri, M., Haji Seyed javadi, M.A., Egh-
bali, M., Abbasi, M. (2009). Atlas of livestock
breeds (cattle, sheep, goats and horses) of Iran
and the world. Srva Press.

[12] Olopade JO, Kwari HD, Agbashe IO, Onwuka SK.
Morphometric study of the eyeball of three breeds
of goats in Nigeria. Int J Morphol. 2005;23(4):377-
80.

[13] Rajathi S, Ramesh G, Raja K, Kannan TA, Sri-
ram P, Hemalatha S. Microscopic anatomy of
harderian gland in goats. J. Entomol. Zool. Stud.
2019;7:1413-8.

[14] Rana T, editor. Principles of Goat Disease and
Prevention. John Wiley & Sons; 2023 Aug 15.

[15] Schlegel T, Brehm H, Amselgruber WM. The car-
tilage of the third eyelid: a comparative macro-
scopical and histological study in domestic ani-
mals. Annals of Anatomy-Anatomischer Anzeiger.
2001 Mar 1;183(2):165-9.

[16] Shadkhast M, Bigham AS. A Histo-Anatomical
study of dorsal lacrimal gland in Iranian river buf-
falo. Vet Scan| Online Veterinary Medical Journal.
2010 Dec 31;5(1).

Study of the Histological Structure of Hardin’s Glands in Khalkhali Goats: 29–33 32



[17] Sinha RD, Calhoun ML. A gross, histologic, and
histochemical study of the lacrimal apparatus of
sheep and goats. American Journal of Veterinary
Research. 1966 Nov;27(121):1633-40.

[18] Sisson S, Grossman JD. The anatomy of the do-
mestic animals WD Saunders Company. Philadel-
phia, USA. 1940:228-1745.

Avicenna Veterinary Research/ Vol. 1, No. 4, Winter 2025 33




	Evaluation of Hemoglobin and Oxyhemoglobin Dynamics Following Trifluralin Administration in Wistar Rats  Mohammad Baseri Azghandi, Saeid Nafisi, Mahsa Hallaj Salahi Pour
	Clinical and Epidemiological Survey of Urinary Stones in Cats  Farnoosh Kaviani, Erfan Jafari Moghadam
	A Mini Review on Neospora Caninum: Updates and Epidemiology in Iran  Jamal Gharekhani, Mehdi Ebrahimi
	New Active and Intelligent Packaging Technologies to Increase the Shelf life of Meat Products  Behnaz Bazargani-Gilani, Mahshad Javid Moghadam, Fatemeh Moradiani
	Study of the Histological Structure of Hardin's Glands in Khalkhali Goats  Azin Beiranvand, Ali Kalantari-Hesari, Mohammad Babaei
	Status of Hepatozoonosis in Wildlife: A Global Overview  Sayyed Jafar Hasani, Bijan Esmaeilnejad, Farzin Abbasi, Awat Samiei, Mohammad Reza Najafi, Negin Esfandiari, Seyyed Erfan Hasani, Navid Azarm
	Cover V1.N4.pdf
	Page 1


