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This experiment was undertaken to access the supplementation of Eucalyptus camaldulensis essential 
oils: e�ects on haemtology and serum biochemical indices of weaned pigs. A total of 80 cross bred 
pigs 6.88 ± 0.87 kg and weaned at 21 days of age were individually housed in pens and grouped 
based on their body weights into four treatments and fed basal diet with no Eucalyptus camaldulensis 
oil (ECO) in treatment 1 (T1), T2, T3 and T4 were fed diet supplemented with ECO at 200 mg, 400 mg 
and 600 mg/kg in a completely randomized design. Diets were su�cient in all nutrients according to 
National Research Council. Results on pack cell volume, haemoglobin, platelets, mean corpuscular 
volume, mean platelet volume, mean heamoglobin concentration and mean corpuscular 
haemoglobin concentrations, white blood cell, lymphocytes, basophils, monocytes and neutrophils 
were higher (P˂0.05) in T3 and T4 than in T1 and T2. Alanine transaminase, aspartic transaminase, 
alanine phosphatase, urine and creatinine values were not in�uenced (P˂0.05) by dietary 
supplementation of ECO while serum protein, albumin, globulin, cholesterol, bilirubin, glucose, 
phosphorus, sodium and chloride values were greater (P˂0.05) in T3 and T4 relative to T1 and T2. 
However, all parameters were within the established ranges for healthy pigs. Results indicate that ECO 
can be supplemented up to 600 mg/kg in the diet of pigs without negatively a�ecting the health 
status of animals.
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All around the world, there is growing interest in the current 
trend to reduce the prophylactic forti�cation of animal feed 
with antibiotics. Antibiotic supplementation, on the other hand, 
resulted in increased growth rates, reduced occurrence of 
various diseases, and better feed e�ciency in the production of 
animals [1,2]. However, there is now mounting proof that 
prolonged, non-speci�c antibiotic exposure causes bacterial 
resistance, which has a considerable impact on the continued 
e�cacy of these vital medications [3,4]. As a result, the 
prophylactic use of antibiotics in animal feed has been limited 
or prohibited in several nations. It becomes more urgent as a 
result to look for alternative methods of preserving animal 
performance and warding o� diseases.

 Essential oils are regarded as the most e�ective antibiotic 
substitute since they leave no trace, don't cause medication 
resistance, and don't have any negative side e�ects [5]. 
According to Melina and Borges, an essential oil is a liquid that 
comprises volatile components from plants with a complicated 
chemical makeup [6]. �e leaves, seeds, �owers, roots, and other 
parts of the plant can all be used to extract them [5,7]. �e active 
ingredients are present in essential oil-producing plants at 
amounts that can be extracted. Since essential oils are o�en 
extracted by steam distillation, the amount added to feed is little 
(less than 0.01%) compared to the amount needed for the same 
bene�ts when utilizing whole plants or plant components (more 
than 5%). Climate, harvest season, plant age, and cultivar within 
a plant variety are other factors that a�ect the content of 

essential oils. A wide range of biological or pharmacological 
actions, including anti-bacterial, antioxidant, antifungal, 
anti-in�ammatory, hepatoprotective, antiseptic, and 
febrifuge, are expressed by medicinal plants like Eucalyptus 
camaldulensis [8]. It belongs to the family Myrtacea is a 
perennial evergreen plant in the genus Eucalyptus [9]. Over 
900 species have been identi�ed and spread across several 
regions of Africa, Europe, South America, and Asia [10,11]. 
Important minerals found in the plant, including salt, zinc, 
iron, magnesium, and potassium, play a critical role in 
activating enzymes that increase resistance to oxidative stress 
[12]. Traditional remedies for cough, cold, fever, arthritis, 
wound, sore, and gastrointestinal disorders include aqueous 
extracts from the bark, stem, and root [12]. Along with having 
therapeutic bene�ts, research has demonstrated that ethanolic 
extracts of bark, leaves, and roots can prevent the growth of 
several pathogenic organisms [9]. According to numerous 
studies, essential oils can positively impact a pig's performance, 
feed intake, antioxidant status, and overall health. However, 
there is a dearth of knowledge regarding eucalyptus oil's 
impact on animals. A prompt evaluation will provide 
information on the test material's degree of e�ectiveness and 
aid in �lling the disparity between animal husbandry and food 
security. �erefore, this experiment was undertaken to access 
the supplementation of Eucalyptus camaldulensis essential oils: 
e�ects on haematology and serum biochemical indices of 
weaned pigs [13,14].

Materials and method Experimental site and ethical 
guidelines
At the Sumitra Research Institute in Gujarat, India, that is 
located at 23o 13' N and 72o 41' E. �is study was carried out in 
the Unit of Animal Nutrition and Biochemistry. All 
management practices were done following the ethical 
standards in India.

Processing of Eucalyptus camaldulensis essential oil 
using Clavenger apparatus
Fresh Eucalyptus camaldulensis leaf was harvested from Sumitra 
Research Institute premises in Gujarat in January 2023. Mature 
leaves are o�en preferred for essential oil extraction because 
they contain the highest concentration of essential oils 
compared to younger leaves. �e leaves should be fully 
expanded, �rm, and green in color, showing no signs of wilting 
or damage. For essential oil extraction, harvesting is typically 
done during mid-morning or early a�ernoon, a�er the dew has 
dried from the leaves but before the heat of the day causes oil 
evaporation. �is time allows for optimal oil retention within 
the leaves. It was identi�ed and authenticated by a certi�ed 
taxonomist. �e leaves were spread on a �at tray and separated 
manually from the stems and cut into smaller pieces with a 
kitchen knife. 100 grams of cut E. camaldulensis was transferred 
into 500 mL round bottom �ask therea�er 300 mL distilled 
water was added to the round bottom �ask. �e clavenger 
apparatus was set up and the mixture in the round bottom �ask 
was heated at 80oC for 60 minutes the steam produced passes 
through the condenser. Oil is collected in a beaker and stored in 
an air tight labeled tube.

Materials Required
Condenser, round bottom �ask (500 mL), glass tubes, iron 
stand, burners, separatory funnel, glass tubes, condenser, 
beaker, stirrer and thermometer.

Livestock housing and management
For this test, 80 male crossbred pigs (Landrace, Yorkshire, and 
Duroc), weaned at 21 days, with an initial weight of 6.88 ± 0.87 
kg, were purchased from a commercial breeding farm in India. 
At Sumitra Research Farm in Gujarat, pigs were placed in 
quarantine for fourteen days. �ey were given a basic diet and 
received Ivermectin preventive treatments (against parasites, 
following the maker's instructions) at (0.2 mL per kilogram). 
Before being divided into 5 semi-open-sided pens, each 
measuring 30 m by 18 m (length × breadth), the animals' 
weights were balanced before distributing them in their 
respective treatments. �e trial lasted 56 days. Pigs were divided 
into four treatment groups, each of which had �ve replicates, 
each of which contained 20 pigs. �e study was conducted using 
a completely randomized experimental design.

Experimental design
Experimental diets were su�cient in all nutrients 
recommended by NRC [15]. Diet 1: basal diet (Corn-soya meal) 
without E. camaldulensis essential oil; diet 2, 3 and 4 were 
supplemented with 200 mg, 400 mg and 600 mg E. 
camaldulensis essential oil /kg respectively, the selection of 
these doses (200 mg, 400 mg, and 600 mg/kg) is likely informed 
by prior research, safety considerations, expected biological 
e�ects, and practical applications in animal nutrition.

Measurements: Blood analysis
Blood for haematological studies was collected on the 56th day 
of the experiment from 10 randomly selected pigs per 
treatment. 2 mL of blood sample was collected very early in the 
morning from jugular vein of pigs into a sterile bottle with 
anticoagulant for haematological analysis using ADVIA 2120i 
automated analyzer (E6500 dual core, USA) with the following 
general speci�cations; Manual closed tube volume (175 µL), 
manual open tube volume (175 µL), automatic closed tube 
volume (175 µL) and work station speci�cations (intel pentium 
E6500 dual core 2.93 GHz 350 W desktop/tower), (3Gb/s 7200 
RPM 16 MB Cache hard drive; 1 GB memory module CD-RW) 
and (17-inch torch screen colour LCD monitor).

 Samples for serum biochemical investigation (2 mL) was 
collected into bottles free from anticoagulant using MISPA 
VIVA, true semi- automated clinical chemistry analyzer with 
the following technical speci�cations; Photometric Module (6 
interference �lters (EMF) 340, 405, 505, 546, 578 and 630 nm 
and 2 optional), silicon photo diode detectors, photometric 
range from 0 to 2.5 O.D, measuring module (30 μL �ow cell 
volume), 10 mm square cuvette, Minimum aspiration volume – 
300 μL and analysis mode (1-point linear and non-linear; 
2-piont linear and non-linear; 1-point sample blank linear and 
non-linear; rate linear and non-linear; Immuno- turbidimetry).
Laboratory analysis of experimental diet
Analysis of experimental diet was carried out using Antaris TM 
FT-NIR analyzer with the following technical speci�cations; 
detectors (dual high performance ultra- cooled in GaAs 
extended range detectors), optical width (10.0 ± 0.3 nm actual 
FWHM), absorbance range (up to 3 AU), wavelength range (less 
than 0.02 nm to traceable standard reference material), 
wavelength precision (less than 0.005 nm), photometric noise 
full range (less than 20 µAu), ambient temperature (32 – 104oF) 
and ambient humidity (less than 95 % RH).

Statistics
All the statistical analysis was performed using SPSS (version 23.0). 
One way analysis of variance was used to determine statistical 
di�erence. P˂0.05 was considered statistically signi�cant.

glucose levels in pigs in T3 and T4 were similar but lower than 
5.80 – 11.00 µmol/L, 2.00 – 5.00 µmol/L and 2.00 – 6.00 mmol/L 
reported by Perri et al. [33]. Normal serum bilirubin indicates 
the absence of haemolysis and stable health status in animals 
[34]. Excessive serum glucose level is triggered during period 
stress or malnutrition [35]. Serum cholesterol, urea and 
creatinine values were comparable to the outcome of Friendship 
et al. [36]. Excessive concentration of urea and creatinine can 
cause liver and kidney damage while low levels could be due to 
low protein or severe liver damage [37]. Low cholesterol 
concentration among pigs fed diet supplemented with 
Eucalyptus camaldulensis essential oil eradicates the dangers of 
coronary disease [38]. Essential oils have also been reported to 
improve the shelf life of meat as well as boosting the level of 

polyunsaturated fatty acid [39]. Serum calcium, phosphorus, 
sodium and chloride were higher (P˂0.05) in T3 and T4 than in 
other diets (T1 and T2) indicating e�ective enzymatic activities, 
maintenance of healthy blood volume and pressure, e�cient 
control of the number of �uids in the body of animals [40].

 Alanine phosphatase (ALP) was within the reference ranges 
for pigs [18]. Elevated alanine phosphatase indicates 
dysfunctional bile system in the body of animals. Similarly, 
values of Alanine Transaminase [AST] and Aspartate 
Transaminase [ALP] were not a�ected in all the groups 
(P˃0.05). �ough the supplementation of Eucalyptus 
camaldulensis essential oil reduced AST and ALP levels from T1 
through T4, values were within the optimal ranges for healthy 
pigs suggesting e�cient liver functions [40].
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Result and Discussion
Haematological parameters of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 2, pack cell volume, haemoglobin, mean 
platelet volume, red blood cell, mean corpuscular volume, mean 
corpuscular haemoglobin concentration (MCHCc) and mean 
corpuscular haemoglobin (MCHb) were altered by dietary 

supplementation of Eucalyptus camaldulensis essential oil in 
weaned pigs. �e values were considerably (P�0.05) greater in 
animals fed diet 2, 3 and 4 compared to the control (diet 1). 
However, values were within were within the optimal range for 
healthy growing pigs cited by Rui et al. (2019) [16]. Increase in 
pack cell volume, haemoglobin, mean platelet volume and red 
blood cell is an indication of improved oxygen carrying capacity 
of the cells which translates to a better nutrient availability in 
the body of pigs [17]. Mean corpuscular volume, MCHb and 
MCHCc were within the normal ranges (31.04 – 70.05 �), 
(18.51 – 52.00 pg) and (58.00 – 72.00 g/L) cited by Klem et al. 
[18]. �ese values attest to the fact that the pigs show no sign of 
anaemia or blood loss [19]. Supplementation of Eucalyptus 
camaldulensis essential oil in diet 3 and increased the white 
blood cell, neutrophils, basophils, monocytes and lymphocytes 
compared to the other groups (P�0.05). Values were within 
established ranges by Yeom et al., white blood cell play a key role 
in production of antibodies and resistance against diseases 
[20,21]. According to Afolabi et al., basophils have a role in the 
production of histamines and heparin in the bloodstream [22]. 
While lymphocytes and monocytes show an animal's capability 
for immunity, neutrophils are indicators of stress [23]. �e 
improvement in blood parameters among pigs fed diet 
supplemented with Eucalyptus camaldulensis essential oil 
(ECO) could be linked to the presence some bioactive 
components in ECO especially α-pinene, β-pinene, eucalyptol 
amongst others [24,25]. �ese compounds have strong 
antimicrobial, antioxidant, anti-in�ammatory, analgesics and 
hepato-protective properties [26]. Results recorded in this study 
are in consonance to the earlier reports of Farhadi et al. [27].

Serum biochemical indices of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 3, total protein, albumin and globulin values 
were higher (P˂0.05) in T2, T3 and T4 than in other group (T1), 

the animals' liver and renal functions were stable and the diets 
were adequate in terms of nutrition [29]. All serum biochemical 
parameters examined in this study, were within the established 
ranges for healthy growing pigs reported by Petrovic et al., 
Cooper et al. [30,31]. Globulin helps to �ght infection in the 
body of animals [32]. Total bilirubin, conjugated bilirubin and 

Conclusions
In conclusion, ECO is rich in several phytonutrients or active 
compounds enabling it to o�er antibacterial, antifungal, 
antioxidants, anti-protozoal, anti-in�ammatory and 
immune-stimulatory properties. It can be supplemented up to 
600 mg/kg in the diet of pigs without negatively a�ecting the 
health status of animals. �ey can also be used as an organic 
alternative to antibiotics to enhance the performance and 
productivity in livestock.
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All around the world, there is growing interest in the current 
trend to reduce the prophylactic forti�cation of animal feed 
with antibiotics. Antibiotic supplementation, on the other hand, 
resulted in increased growth rates, reduced occurrence of 
various diseases, and better feed e�ciency in the production of 
animals [1,2]. However, there is now mounting proof that 
prolonged, non-speci�c antibiotic exposure causes bacterial 
resistance, which has a considerable impact on the continued 
e�cacy of these vital medications [3,4]. As a result, the 
prophylactic use of antibiotics in animal feed has been limited 
or prohibited in several nations. It becomes more urgent as a 
result to look for alternative methods of preserving animal 
performance and warding o� diseases.

 Essential oils are regarded as the most e�ective antibiotic 
substitute since they leave no trace, don't cause medication 
resistance, and don't have any negative side e�ects [5]. 
According to Melina and Borges, an essential oil is a liquid that 
comprises volatile components from plants with a complicated 
chemical makeup [6]. �e leaves, seeds, �owers, roots, and other 
parts of the plant can all be used to extract them [5,7]. �e active 
ingredients are present in essential oil-producing plants at 
amounts that can be extracted. Since essential oils are o�en 
extracted by steam distillation, the amount added to feed is little 
(less than 0.01%) compared to the amount needed for the same 
bene�ts when utilizing whole plants or plant components (more 
than 5%). Climate, harvest season, plant age, and cultivar within 
a plant variety are other factors that a�ect the content of 

essential oils. A wide range of biological or pharmacological 
actions, including anti-bacterial, antioxidant, antifungal, 
anti-in�ammatory, hepatoprotective, antiseptic, and 
febrifuge, are expressed by medicinal plants like Eucalyptus 
camaldulensis [8]. It belongs to the family Myrtacea is a 
perennial evergreen plant in the genus Eucalyptus [9]. Over 
900 species have been identi�ed and spread across several 
regions of Africa, Europe, South America, and Asia [10,11]. 
Important minerals found in the plant, including salt, zinc, 
iron, magnesium, and potassium, play a critical role in 
activating enzymes that increase resistance to oxidative stress 
[12]. Traditional remedies for cough, cold, fever, arthritis, 
wound, sore, and gastrointestinal disorders include aqueous 
extracts from the bark, stem, and root [12]. Along with having 
therapeutic bene�ts, research has demonstrated that ethanolic 
extracts of bark, leaves, and roots can prevent the growth of 
several pathogenic organisms [9]. According to numerous 
studies, essential oils can positively impact a pig's performance, 
feed intake, antioxidant status, and overall health. However, 
there is a dearth of knowledge regarding eucalyptus oil's 
impact on animals. A prompt evaluation will provide 
information on the test material's degree of e�ectiveness and 
aid in �lling the disparity between animal husbandry and food 
security. �erefore, this experiment was undertaken to access 
the supplementation of Eucalyptus camaldulensis essential oils: 
e�ects on haematology and serum biochemical indices of 
weaned pigs [13,14].

Materials and method Experimental site and ethical 
guidelines
At the Sumitra Research Institute in Gujarat, India, that is 
located at 23o 13' N and 72o 41' E. �is study was carried out in 
the Unit of Animal Nutrition and Biochemistry. All 
management practices were done following the ethical 
standards in India.

Processing of Eucalyptus camaldulensis essential oil 
using Clavenger apparatus
Fresh Eucalyptus camaldulensis leaf was harvested from Sumitra 
Research Institute premises in Gujarat in January 2023. Mature 
leaves are o�en preferred for essential oil extraction because 
they contain the highest concentration of essential oils 
compared to younger leaves. �e leaves should be fully 
expanded, �rm, and green in color, showing no signs of wilting 
or damage. For essential oil extraction, harvesting is typically 
done during mid-morning or early a�ernoon, a�er the dew has 
dried from the leaves but before the heat of the day causes oil 
evaporation. �is time allows for optimal oil retention within 
the leaves. It was identi�ed and authenticated by a certi�ed 
taxonomist. �e leaves were spread on a �at tray and separated 
manually from the stems and cut into smaller pieces with a 
kitchen knife. 100 grams of cut E. camaldulensis was transferred 
into 500 mL round bottom �ask therea�er 300 mL distilled 
water was added to the round bottom �ask. �e clavenger 
apparatus was set up and the mixture in the round bottom �ask 
was heated at 80oC for 60 minutes the steam produced passes 
through the condenser. Oil is collected in a beaker and stored in 
an air tight labeled tube.

Materials Required
Condenser, round bottom �ask (500 mL), glass tubes, iron 
stand, burners, separatory funnel, glass tubes, condenser, 
beaker, stirrer and thermometer.

Livestock housing and management
For this test, 80 male crossbred pigs (Landrace, Yorkshire, and 
Duroc), weaned at 21 days, with an initial weight of 6.88 ± 0.87 
kg, were purchased from a commercial breeding farm in India. 
At Sumitra Research Farm in Gujarat, pigs were placed in 
quarantine for fourteen days. �ey were given a basic diet and 
received Ivermectin preventive treatments (against parasites, 
following the maker's instructions) at (0.2 mL per kilogram). 
Before being divided into 5 semi-open-sided pens, each 
measuring 30 m by 18 m (length × breadth), the animals' 
weights were balanced before distributing them in their 
respective treatments. �e trial lasted 56 days. Pigs were divided 
into four treatment groups, each of which had �ve replicates, 
each of which contained 20 pigs. �e study was conducted using 
a completely randomized experimental design.

Experimental design
Experimental diets were su�cient in all nutrients 
recommended by NRC [15]. Diet 1: basal diet (Corn-soya meal) 
without E. camaldulensis essential oil; diet 2, 3 and 4 were 
supplemented with 200 mg, 400 mg and 600 mg E. 
camaldulensis essential oil /kg respectively, the selection of 
these doses (200 mg, 400 mg, and 600 mg/kg) is likely informed 
by prior research, safety considerations, expected biological 
e�ects, and practical applications in animal nutrition.

Measurements: Blood analysis
Blood for haematological studies was collected on the 56th day 
of the experiment from 10 randomly selected pigs per 
treatment. 2 mL of blood sample was collected very early in the 
morning from jugular vein of pigs into a sterile bottle with 
anticoagulant for haematological analysis using ADVIA 2120i 
automated analyzer (E6500 dual core, USA) with the following 
general speci�cations; Manual closed tube volume (175 µL), 
manual open tube volume (175 µL), automatic closed tube 
volume (175 µL) and work station speci�cations (intel pentium 
E6500 dual core 2.93 GHz 350 W desktop/tower), (3Gb/s 7200 
RPM 16 MB Cache hard drive; 1 GB memory module CD-RW) 
and (17-inch torch screen colour LCD monitor).

 Samples for serum biochemical investigation (2 mL) was 
collected into bottles free from anticoagulant using MISPA 
VIVA, true semi- automated clinical chemistry analyzer with 
the following technical speci�cations; Photometric Module (6 
interference �lters (EMF) 340, 405, 505, 546, 578 and 630 nm 
and 2 optional), silicon photo diode detectors, photometric 
range from 0 to 2.5 O.D, measuring module (30 μL �ow cell 
volume), 10 mm square cuvette, Minimum aspiration volume – 
300 μL and analysis mode (1-point linear and non-linear; 
2-piont linear and non-linear; 1-point sample blank linear and 
non-linear; rate linear and non-linear; Immuno- turbidimetry).
Laboratory analysis of experimental diet
Analysis of experimental diet was carried out using Antaris TM 
FT-NIR analyzer with the following technical speci�cations; 
detectors (dual high performance ultra- cooled in GaAs 
extended range detectors), optical width (10.0 ± 0.3 nm actual 
FWHM), absorbance range (up to 3 AU), wavelength range (less 
than 0.02 nm to traceable standard reference material), 
wavelength precision (less than 0.005 nm), photometric noise 
full range (less than 20 µAu), ambient temperature (32 – 104oF) 
and ambient humidity (less than 95 % RH).

Statistics
All the statistical analysis was performed using SPSS (version 23.0). 
One way analysis of variance was used to determine statistical 
di�erence. P˂0.05 was considered statistically signi�cant.

glucose levels in pigs in T3 and T4 were similar but lower than 
5.80 – 11.00 µmol/L, 2.00 – 5.00 µmol/L and 2.00 – 6.00 mmol/L 
reported by Perri et al. [33]. Normal serum bilirubin indicates 
the absence of haemolysis and stable health status in animals 
[34]. Excessive serum glucose level is triggered during period 
stress or malnutrition [35]. Serum cholesterol, urea and 
creatinine values were comparable to the outcome of Friendship 
et al. [36]. Excessive concentration of urea and creatinine can 
cause liver and kidney damage while low levels could be due to 
low protein or severe liver damage [37]. Low cholesterol 
concentration among pigs fed diet supplemented with 
Eucalyptus camaldulensis essential oil eradicates the dangers of 
coronary disease [38]. Essential oils have also been reported to 
improve the shelf life of meat as well as boosting the level of 

polyunsaturated fatty acid [39]. Serum calcium, phosphorus, 
sodium and chloride were higher (P˂0.05) in T3 and T4 than in 
other diets (T1 and T2) indicating e�ective enzymatic activities, 
maintenance of healthy blood volume and pressure, e�cient 
control of the number of �uids in the body of animals [40].

 Alanine phosphatase (ALP) was within the reference ranges 
for pigs [18]. Elevated alanine phosphatase indicates 
dysfunctional bile system in the body of animals. Similarly, 
values of Alanine Transaminase [AST] and Aspartate 
Transaminase [ALP] were not a�ected in all the groups 
(P˃0.05). �ough the supplementation of Eucalyptus 
camaldulensis essential oil reduced AST and ALP levels from T1 
through T4, values were within the optimal ranges for healthy 
pigs suggesting e�cient liver functions [40].

performance and oxidative status of broiler chicks. 
American Journal of Interdisciplinary Research and 
Development. 2022;1:1–11

5. Vera BK. Essential oil knowledge: from facts or from farm 
to facts. Int Pig Mag. 2022;4(2):1-2.

6. Melina B, Borges LL. Antibiotic free poultry production 
and food safety. Int Poult Mag. 2019;27(1):21.

7. Kory M. Protecting piglets against post weaning diarrhea 
with phytogenics. Int Pig Mag. 2022;4(3):1-2.

8. Kidanu S. Allelopathic potential of eucalyptus globulus in a 
tree-crop production system on highland vertisols in 
Ethiopia. Amsterdam: WUA; 2004;91-108.

9. Melkamu A, Tadele A, Minale W. Investigation of the 
E�ects of Eucalyptus camaldulensis on performance of 
neighbouring crop productivity in Western Amhara, 
Ethiopia. Open Access Libr J. 2015;2:e992.                         . 
https://doi.org/10.4236/oalib.1100992

10. Teketay D, Zerga B, Waekineh B, Woldetsadik M. 
Perceptions on impacts of competition of eucalypt 
plantations with other land uses on the rural livelihood in 
the western gurage watersheds, Central-South Ethiopia. 
Asian J Plant Sci. 2021;11(6):185-198.

11. Chamshama SAO, Nwonwu FOC. Forest Plantations in 
Sub-Saharan Africa. Morogoro: Sokoine University of 
Agriculture. 2004.

12. Zegeye H. Environmental and socio-economic 
implications of Eucalyptus in Ethiopia. In: Gil L, Tadesse 
W, Tolosana E, López R, editors. Proceedings of the 
Conference on Eucalyptus Species Management, History, 
Status and Trends in Ethiopia. Ethiop Inst Agric Res. 
2010;184-205.

13. Kim YJ, Jin SK, Yang HS. E�ect of dietary supplementation 
of essential oils on growth performance, nutrient 
digestibility, blood characteristics, and meat quality in 
growing pigs. Asian-Australas J Anim Sci. 2012;25(2): 
258-263. https://doi.org/10.5713/ajas.2011.11391 

14. Yan L, Kim IH. �e e�ect of essential oils on growth 
performance, digestive enzymes, nutrient digestibility and 
fecal micro�ora in growing pigs. Livestock Science. 
2013;152(2-3):198-203.                      . 
https://doi.org/10.1016/j.livsci.2012.11.021 

15. National Research Council, Policy, Global A�airs, Board 
on Higher Education, Committee on Research 
Universities. Research universities and the future of 
America: Ten breakthrough actions vital to our nation's 
prosperity and security. National Academies Press; 2012.

16. Rui L, Wang F, Zhang Y, Li C, Xia C, Chen H, et al. 
Comparison of hematologic and biochemical reference 
values in speci�c-pathogen-free 1-month-old Yorkshire 
pigs and Yorkshire–Landrace crossbred pigs. Can J Vet Res. 
2019;83(4):285-290.

17. Alagbe JO, Muhammad RS, Daniel SM, Christiana OO. 
E�ect of Trichilia monadelpha stem bark extract on the 
fatty acid composition of rabbit's thigh meat. J Environ 
Issues Clim Change. 2022;1(1):63-71.                     .  
https://doi.org/10.59110/jeicc.v1i1.76 

18. Klem TB, Bleken E, Morberg H, �oresen SI, Framstad T. 
Hematologic and biochemical reference intervals for Norwegian 
crossbreed grower pigs. Vet Clin Pathol. 2010;39:221-226. 
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Result and Discussion
Haematological parameters of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 2, pack cell volume, haemoglobin, mean 
platelet volume, red blood cell, mean corpuscular volume, mean 
corpuscular haemoglobin concentration (MCHCc) and mean 
corpuscular haemoglobin (MCHb) were altered by dietary 

supplementation of Eucalyptus camaldulensis essential oil in 
weaned pigs. �e values were considerably (P�0.05) greater in 
animals fed diet 2, 3 and 4 compared to the control (diet 1). 
However, values were within were within the optimal range for 
healthy growing pigs cited by Rui et al. (2019) [16]. Increase in 
pack cell volume, haemoglobin, mean platelet volume and red 
blood cell is an indication of improved oxygen carrying capacity 
of the cells which translates to a better nutrient availability in 
the body of pigs [17]. Mean corpuscular volume, MCHb and 
MCHCc were within the normal ranges (31.04 – 70.05 �), 
(18.51 – 52.00 pg) and (58.00 – 72.00 g/L) cited by Klem et al. 
[18]. �ese values attest to the fact that the pigs show no sign of 
anaemia or blood loss [19]. Supplementation of Eucalyptus 
camaldulensis essential oil in diet 3 and increased the white 
blood cell, neutrophils, basophils, monocytes and lymphocytes 
compared to the other groups (P�0.05). Values were within 
established ranges by Yeom et al., white blood cell play a key role 
in production of antibodies and resistance against diseases 
[20,21]. According to Afolabi et al., basophils have a role in the 
production of histamines and heparin in the bloodstream [22]. 
While lymphocytes and monocytes show an animal's capability 
for immunity, neutrophils are indicators of stress [23]. �e 
improvement in blood parameters among pigs fed diet 
supplemented with Eucalyptus camaldulensis essential oil 
(ECO) could be linked to the presence some bioactive 
components in ECO especially α-pinene, β-pinene, eucalyptol 
amongst others [24,25]. �ese compounds have strong 
antimicrobial, antioxidant, anti-in�ammatory, analgesics and 
hepato-protective properties [26]. Results recorded in this study 
are in consonance to the earlier reports of Farhadi et al. [27].

Materials Quantity (kilogram)
Maize 50.00
Brewers dry grain 16.10
Soya meal 21.00
Fish meal (72 percent) 2.00
Bone meal 6.00
Oyster shell 3.00
Lysine 0.20
Methionine 0.15
**Mineral/Vitamin Premix** 0.25
Salt 0.30
Total 100.00
Calculated analysis (%)
Crude protein 18.90

Table 1. Experimental diets’ gross composition

Serum biochemical indices of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 3, total protein, albumin and globulin values 
were higher (P˂0.05) in T2, T3 and T4 than in other group (T1), 

the animals' liver and renal functions were stable and the diets 
were adequate in terms of nutrition [29]. All serum biochemical 
parameters examined in this study, were within the established 
ranges for healthy growing pigs reported by Petrovic et al., 
Cooper et al. [30,31]. Globulin helps to �ght infection in the 
body of animals [32]. Total bilirubin, conjugated bilirubin and 

Conclusions
In conclusion, ECO is rich in several phytonutrients or active 
compounds enabling it to o�er antibacterial, antifungal, 
antioxidants, anti-protozoal, anti-in�ammatory and 
immune-stimulatory properties. It can be supplemented up to 
600 mg/kg in the diet of pigs without negatively a�ecting the 
health status of animals. �ey can also be used as an organic 
alternative to antibiotics to enhance the performance and 
productivity in livestock.

Disclosure Statement
No potential con�ict of interest was reported by the author.
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All around the world, there is growing interest in the current 
trend to reduce the prophylactic forti�cation of animal feed 
with antibiotics. Antibiotic supplementation, on the other hand, 
resulted in increased growth rates, reduced occurrence of 
various diseases, and better feed e�ciency in the production of 
animals [1,2]. However, there is now mounting proof that 
prolonged, non-speci�c antibiotic exposure causes bacterial 
resistance, which has a considerable impact on the continued 
e�cacy of these vital medications [3,4]. As a result, the 
prophylactic use of antibiotics in animal feed has been limited 
or prohibited in several nations. It becomes more urgent as a 
result to look for alternative methods of preserving animal 
performance and warding o� diseases.

 Essential oils are regarded as the most e�ective antibiotic 
substitute since they leave no trace, don't cause medication 
resistance, and don't have any negative side e�ects [5]. 
According to Melina and Borges, an essential oil is a liquid that 
comprises volatile components from plants with a complicated 
chemical makeup [6]. �e leaves, seeds, �owers, roots, and other 
parts of the plant can all be used to extract them [5,7]. �e active 
ingredients are present in essential oil-producing plants at 
amounts that can be extracted. Since essential oils are o�en 
extracted by steam distillation, the amount added to feed is little 
(less than 0.01%) compared to the amount needed for the same 
bene�ts when utilizing whole plants or plant components (more 
than 5%). Climate, harvest season, plant age, and cultivar within 
a plant variety are other factors that a�ect the content of 

essential oils. A wide range of biological or pharmacological 
actions, including anti-bacterial, antioxidant, antifungal, 
anti-in�ammatory, hepatoprotective, antiseptic, and 
febrifuge, are expressed by medicinal plants like Eucalyptus 
camaldulensis [8]. It belongs to the family Myrtacea is a 
perennial evergreen plant in the genus Eucalyptus [9]. Over 
900 species have been identi�ed and spread across several 
regions of Africa, Europe, South America, and Asia [10,11]. 
Important minerals found in the plant, including salt, zinc, 
iron, magnesium, and potassium, play a critical role in 
activating enzymes that increase resistance to oxidative stress 
[12]. Traditional remedies for cough, cold, fever, arthritis, 
wound, sore, and gastrointestinal disorders include aqueous 
extracts from the bark, stem, and root [12]. Along with having 
therapeutic bene�ts, research has demonstrated that ethanolic 
extracts of bark, leaves, and roots can prevent the growth of 
several pathogenic organisms [9]. According to numerous 
studies, essential oils can positively impact a pig's performance, 
feed intake, antioxidant status, and overall health. However, 
there is a dearth of knowledge regarding eucalyptus oil's 
impact on animals. A prompt evaluation will provide 
information on the test material's degree of e�ectiveness and 
aid in �lling the disparity between animal husbandry and food 
security. �erefore, this experiment was undertaken to access 
the supplementation of Eucalyptus camaldulensis essential oils: 
e�ects on haematology and serum biochemical indices of 
weaned pigs [13,14].

Materials and method Experimental site and ethical 
guidelines
At the Sumitra Research Institute in Gujarat, India, that is 
located at 23o 13' N and 72o 41' E. �is study was carried out in 
the Unit of Animal Nutrition and Biochemistry. All 
management practices were done following the ethical 
standards in India.

Processing of Eucalyptus camaldulensis essential oil 
using Clavenger apparatus
Fresh Eucalyptus camaldulensis leaf was harvested from Sumitra 
Research Institute premises in Gujarat in January 2023. Mature 
leaves are o�en preferred for essential oil extraction because 
they contain the highest concentration of essential oils 
compared to younger leaves. �e leaves should be fully 
expanded, �rm, and green in color, showing no signs of wilting 
or damage. For essential oil extraction, harvesting is typically 
done during mid-morning or early a�ernoon, a�er the dew has 
dried from the leaves but before the heat of the day causes oil 
evaporation. �is time allows for optimal oil retention within 
the leaves. It was identi�ed and authenticated by a certi�ed 
taxonomist. �e leaves were spread on a �at tray and separated 
manually from the stems and cut into smaller pieces with a 
kitchen knife. 100 grams of cut E. camaldulensis was transferred 
into 500 mL round bottom �ask therea�er 300 mL distilled 
water was added to the round bottom �ask. �e clavenger 
apparatus was set up and the mixture in the round bottom �ask 
was heated at 80oC for 60 minutes the steam produced passes 
through the condenser. Oil is collected in a beaker and stored in 
an air tight labeled tube.

Materials Required
Condenser, round bottom �ask (500 mL), glass tubes, iron 
stand, burners, separatory funnel, glass tubes, condenser, 
beaker, stirrer and thermometer.

Livestock housing and management
For this test, 80 male crossbred pigs (Landrace, Yorkshire, and 
Duroc), weaned at 21 days, with an initial weight of 6.88 ± 0.87 
kg, were purchased from a commercial breeding farm in India. 
At Sumitra Research Farm in Gujarat, pigs were placed in 
quarantine for fourteen days. �ey were given a basic diet and 
received Ivermectin preventive treatments (against parasites, 
following the maker's instructions) at (0.2 mL per kilogram). 
Before being divided into 5 semi-open-sided pens, each 
measuring 30 m by 18 m (length × breadth), the animals' 
weights were balanced before distributing them in their 
respective treatments. �e trial lasted 56 days. Pigs were divided 
into four treatment groups, each of which had �ve replicates, 
each of which contained 20 pigs. �e study was conducted using 
a completely randomized experimental design.

Experimental design
Experimental diets were su�cient in all nutrients 
recommended by NRC [15]. Diet 1: basal diet (Corn-soya meal) 
without E. camaldulensis essential oil; diet 2, 3 and 4 were 
supplemented with 200 mg, 400 mg and 600 mg E. 
camaldulensis essential oil /kg respectively, the selection of 
these doses (200 mg, 400 mg, and 600 mg/kg) is likely informed 
by prior research, safety considerations, expected biological 
e�ects, and practical applications in animal nutrition.

Measurements: Blood analysis
Blood for haematological studies was collected on the 56th day 
of the experiment from 10 randomly selected pigs per 
treatment. 2 mL of blood sample was collected very early in the 
morning from jugular vein of pigs into a sterile bottle with 
anticoagulant for haematological analysis using ADVIA 2120i 
automated analyzer (E6500 dual core, USA) with the following 
general speci�cations; Manual closed tube volume (175 µL), 
manual open tube volume (175 µL), automatic closed tube 
volume (175 µL) and work station speci�cations (intel pentium 
E6500 dual core 2.93 GHz 350 W desktop/tower), (3Gb/s 7200 
RPM 16 MB Cache hard drive; 1 GB memory module CD-RW) 
and (17-inch torch screen colour LCD monitor).

 Samples for serum biochemical investigation (2 mL) was 
collected into bottles free from anticoagulant using MISPA 
VIVA, true semi- automated clinical chemistry analyzer with 
the following technical speci�cations; Photometric Module (6 
interference �lters (EMF) 340, 405, 505, 546, 578 and 630 nm 
and 2 optional), silicon photo diode detectors, photometric 
range from 0 to 2.5 O.D, measuring module (30 μL �ow cell 
volume), 10 mm square cuvette, Minimum aspiration volume – 
300 μL and analysis mode (1-point linear and non-linear; 
2-piont linear and non-linear; 1-point sample blank linear and 
non-linear; rate linear and non-linear; Immuno- turbidimetry).
Laboratory analysis of experimental diet
Analysis of experimental diet was carried out using Antaris TM 
FT-NIR analyzer with the following technical speci�cations; 
detectors (dual high performance ultra- cooled in GaAs 
extended range detectors), optical width (10.0 ± 0.3 nm actual 
FWHM), absorbance range (up to 3 AU), wavelength range (less 
than 0.02 nm to traceable standard reference material), 
wavelength precision (less than 0.005 nm), photometric noise 
full range (less than 20 µAu), ambient temperature (32 – 104oF) 
and ambient humidity (less than 95 % RH).

Statistics
All the statistical analysis was performed using SPSS (version 23.0). 
One way analysis of variance was used to determine statistical 
di�erence. P˂0.05 was considered statistically signi�cant.

glucose levels in pigs in T3 and T4 were similar but lower than 
5.80 – 11.00 µmol/L, 2.00 – 5.00 µmol/L and 2.00 – 6.00 mmol/L 
reported by Perri et al. [33]. Normal serum bilirubin indicates 
the absence of haemolysis and stable health status in animals 
[34]. Excessive serum glucose level is triggered during period 
stress or malnutrition [35]. Serum cholesterol, urea and 
creatinine values were comparable to the outcome of Friendship 
et al. [36]. Excessive concentration of urea and creatinine can 
cause liver and kidney damage while low levels could be due to 
low protein or severe liver damage [37]. Low cholesterol 
concentration among pigs fed diet supplemented with 
Eucalyptus camaldulensis essential oil eradicates the dangers of 
coronary disease [38]. Essential oils have also been reported to 
improve the shelf life of meat as well as boosting the level of 

polyunsaturated fatty acid [39]. Serum calcium, phosphorus, 
sodium and chloride were higher (P˂0.05) in T3 and T4 than in 
other diets (T1 and T2) indicating e�ective enzymatic activities, 
maintenance of healthy blood volume and pressure, e�cient 
control of the number of �uids in the body of animals [40].

 Alanine phosphatase (ALP) was within the reference ranges 
for pigs [18]. Elevated alanine phosphatase indicates 
dysfunctional bile system in the body of animals. Similarly, 
values of Alanine Transaminase [AST] and Aspartate 
Transaminase [ALP] were not a�ected in all the groups 
(P˃0.05). �ough the supplementation of Eucalyptus 
camaldulensis essential oil reduced AST and ALP levels from T1 
through T4, values were within the optimal ranges for healthy 
pigs suggesting e�cient liver functions [40].
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Result and Discussion
Haematological parameters of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 2, pack cell volume, haemoglobin, mean 
platelet volume, red blood cell, mean corpuscular volume, mean 
corpuscular haemoglobin concentration (MCHCc) and mean 
corpuscular haemoglobin (MCHb) were altered by dietary 

supplementation of Eucalyptus camaldulensis essential oil in 
weaned pigs. �e values were considerably (P�0.05) greater in 
animals fed diet 2, 3 and 4 compared to the control (diet 1). 
However, values were within were within the optimal range for 
healthy growing pigs cited by Rui et al. (2019) [16]. Increase in 
pack cell volume, haemoglobin, mean platelet volume and red 
blood cell is an indication of improved oxygen carrying capacity 
of the cells which translates to a better nutrient availability in 
the body of pigs [17]. Mean corpuscular volume, MCHb and 
MCHCc were within the normal ranges (31.04 – 70.05 �), 
(18.51 – 52.00 pg) and (58.00 – 72.00 g/L) cited by Klem et al. 
[18]. �ese values attest to the fact that the pigs show no sign of 
anaemia or blood loss [19]. Supplementation of Eucalyptus 
camaldulensis essential oil in diet 3 and increased the white 
blood cell, neutrophils, basophils, monocytes and lymphocytes 
compared to the other groups (P�0.05). Values were within 
established ranges by Yeom et al., white blood cell play a key role 
in production of antibodies and resistance against diseases 
[20,21]. According to Afolabi et al., basophils have a role in the 
production of histamines and heparin in the bloodstream [22]. 
While lymphocytes and monocytes show an animal's capability 
for immunity, neutrophils are indicators of stress [23]. �e 
improvement in blood parameters among pigs fed diet 
supplemented with Eucalyptus camaldulensis essential oil 
(ECO) could be linked to the presence some bioactive 
components in ECO especially α-pinene, β-pinene, eucalyptol 
amongst others [24,25]. �ese compounds have strong 
antimicrobial, antioxidant, anti-in�ammatory, analgesics and 
hepato-protective properties [26]. Results recorded in this study 
are in consonance to the earlier reports of Farhadi et al. [27].

Crude �bre 7.11
Ether extract 2.95
Calcium 1.61
Phosphorus 0.75
Energy (kcal/kg) 2700.7
Determined analysis (%)
Crude protein 19.33
Crude �bre 8.20
Ether extract 3.05
Calcium 1.73
Phosphorus 0.84
Energy (kcal/kg) 2855.6

**Mineral/Vitamin premix** supplied per kg diet: - vitamin A, 8,000 
I.U; vitamin E, 10.0 mg; vitamin D 4,000 I.U, vitamin K, 7.00mg; 
vitamin B2, 5.0mg; Niacin, 56 mg; vitamin B12, 25 mg; choline chloride, 
100 mg; Manganese, 5.0 mg; Zinc, 35.1mg; Copper, 2.0g; folic acid, 
2.5mg; Iron, 5.8g; pantothenic acid, 10mg; biotin, 30.5g; antioxidant, 

a,bMeans in a row without a similar superscripts di�er (P˂0.05); MCHb: mean corpuscular haemoglobin; MCHCc: mean corpuscular haemoglobin 
concentrations; SEM: standard error of mean; Reference values [28].

Parameters 1 2 3 4 SEM Reference values
Pack cell volume (%) 28.55b 35.10a 35.88a 36.00a 1.03 27.10 – 38.00

Haemoglobin (g/L) 90.11b 100.4a 102.6a 105.7a 2.07 80.00 – 156.5

Platelet (×109/L) 116.88b 130.00a 142.55a 145.06a 9.46 100.0 – 340.7

Mean platelet volume (�) 6.15b 9.16a 9.00a 9.96a 0.01 19.30 – 20.50

Red blood cell (×1012/L) 7.11b 9.88a 9.97a 10.6a 0.03 6.84 – 13.00

Mean corpuscular volume (�) 52.91b 59.00b 65.77a 68.50a 1.88 34.00 – 69.00

MCHb (pg) 30.80b 40.11a 44.13a 48.92a 1.01 19.00 – 50.00

MCHCc (g/L) 49.77b 55.90a 58.03a 59.17a 1.22 60.85 – 70.00

White blood cell (×109/L) 10.36b 11.89b 15.33a 15.80a 0.04 17.15 – 24.78

Neutrophils (×109/L) 8.40b 8.55b 11.00a 11.59a 0.01 10.70 – 12.53

Basophils (×109/L) 0.10b 0.12b 0.25a 0.22a 0.01 0.15 - 0.28

Monocytes (×109/L) 1.00b 1.00b 2.00 a 2.03a 0.01 0.85 – 3.00

Lymphocytes (×109/L) 9.99b 10.00b 14.00a 14.80a 0.08 8.00 – 16.00

Table 2. Haematological parameters of weaned pigs fed diet supplemented with Eucalyptus camaldulensis essential oil

Serum biochemical indices of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 3, total protein, albumin and globulin values 
were higher (P˂0.05) in T2, T3 and T4 than in other group (T1), 

the animals' liver and renal functions were stable and the diets 
were adequate in terms of nutrition [29]. All serum biochemical 
parameters examined in this study, were within the established 
ranges for healthy growing pigs reported by Petrovic et al., 
Cooper et al. [30,31]. Globulin helps to �ght infection in the 
body of animals [32]. Total bilirubin, conjugated bilirubin and 

Conclusions
In conclusion, ECO is rich in several phytonutrients or active 
compounds enabling it to o�er antibacterial, antifungal, 
antioxidants, anti-protozoal, anti-in�ammatory and 
immune-stimulatory properties. It can be supplemented up to 
600 mg/kg in the diet of pigs without negatively a�ecting the 
health status of animals. �ey can also be used as an organic 
alternative to antibiotics to enhance the performance and 
productivity in livestock.
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References
1. Chen J. E�ects of acidi�er supplemented diets on egg 

quality and performance. Int Pig Mag. 2015;23(8):15-17. 
2. Alagbe JO. Prosopis africana stem bark as an alternative to 

antibiotic feed additives in broiler chicks diets: 
Performance and Carcass characteristics. J Multidimens 
Res Rev. 2021;2(1):64-77. Available at:                        .  
https://jmrr.org/V2I1/V2I1P05.pdf 

3. Hunger C. Phytogenics – a possible and natural alternative 
for growth enhancing drugs. Int Pig Mag. 2014;29(4):11.

4. Agubosi OCP, Alexander J, Alagbe JO. In�uence of dietary 
inclusion of Sun�ower (Helianthus annus) oil on growth 

19. Omokore EO, Alagbe JO. E�cacy of dried Phyllantus 
amarus leaf meal as an herbal feed additive on the growth 
performance, haematology and serum biochemistry of 
growing rabbits. Int J Acad Res Dev. 2019;4(3):97-104.

20. Yeom SC, Cho SY, Park CG, Lee WJ. Analysis of reference 
interval and age-related changes in serum biochemistry 
and haematology in the speci�c pathogen free miniature 
pig. Lab Anim Res. 2012;28(4):245-253.                     .  
http://dx.doi.org/10.5625/lar.2012.28.4.245 

21. Singh AS, Alagbe JO, Sharma S, Oluwafemi RA, Agubosi 
OCP. E�ect of dietary supplementation of melon (Citrallus 
linatus) seed oil on the growth performance and 
antioxidant status of growing rabbits. J Multidimens Res 
Rev. 2021;2(1):78-95.                     .  
https://doi.org/10.47540/ijias.v1i2.175 

22. Afolabi AY, Abraham A, Oladipo EK, Fagbami AH. 
Hepatitis C virus in potential blood donors in Ibadan, 
Nigeria. Global Advanced Research J Microbiol. 
2012;1(9):155-159.

23. Adewale AO, Alagbe JO, Adeoye AO. Dietary 
Supplementation of Rauvol�a Vomitoria Root Extract as A 
Phytogenic Feed Additive in Growing Rabbit Diets: 
Haematology and serum biochemical indices. Int J Orange 
Technol. 2021;3(3):1-12.

24. Agubosi OC, Soliu MB, Alagbe JO. E�ect of dietary 
inclusion levels of Moringa oleifera oil on the growth 
performance and nutrient retention of broiler starter 
chicks. Cent Asian J �eor Appl Sci. 2023;3(3):30-39.

25. Oluwafemi RA, Uankhoba IP, Alagbe JO. E�ects of 
turmeric oil as a dietary supplements on the growth 
performance and carcass characteristics of broiler chicken. 
Int J Orange Technol. 2021;3(4):54-62.                     .  
https://dx.doi.org/10.31149/ijot.v3i4.1602 

26. Archana J, Ashutosh S, Bachheti RK, Pandey DP. A 
comparative study of the chemical composition of essential 
oil from Eucalyptus globulus growing in Dehradun and 
around the World. Orient J Chem. 2016;32(1):331-340. 
http://dx.doi.org/10.13005/ojc/320137 

27. Farhadi D, Karimi A, Sadeghi G, Sheikhahmadi A, Reci A. 
E�ect of using Eucalyptus (Eucalyptus globulus L.) leaf 
powder and its essential oil on growth performance and 
immune response of broiler chicken. Iran J Vet Res. 
2017;18:60-62.

28. Olajide R. Replacement value of fermented wild cocoyam 
[Colocasia esculenta (L.) Schott] corm meal for maize in 
broiler �nisher diets. Anim Res. 2017:;29(2):63-73.

29. Adelaja A, George J. Food and Agricultural Security: An 
Introduction to the Special Issue. Sustainability. 
2021;13(21):12129.

30. Petrovic V, Novotný J, Hisira V, Link R, Leng L, Kováˇc G. 
�e impact of suckling and post-weaning period on blood 
chemistry of piglets. Acta Vet Brno. 2009;78:365-371. 
https://doi.org/10.2754/avb200978030365 

31. Cooper CA, Moraes LE, Murray JD, Owens SD. 
Hematologic and biochemical reference intervals for 
speci�c pathogen free 6-week-old Hampshire-Yorkshire 
crossbred pigs. J Anim Sci Biotechnol. 2014;5(1):1-6. 
https://doi.org/10.1186/2049-1891-5-5 

32. Oluwafemi RA, Uankhoba IP, Alagbe JO. E�ects of 
turmeric oil as a dietary supplement on the haematology 

and serum biochemical indices of broiler chickens. 
Bioinformatics Proteomics Open Access J. 2021;5(1): 
000138. http://dx.doi.org/10.32474/CDVS.2021.04.000193 

33. Perri AM, O'Sullivan TL, Harding JC, Wood RD, 
Friendship RM. Haematology and biochemistry reference 
intervals for Ontario commercial nursing pigs close to the 
time of weaning. Can Vet J. 2017;58:371-376.

34. Casas AI, Dao VT, Daiber A, Maghzal GJ, Di Lisa F, 
Kaludercic N, et al. Reactive oxygen-related diseases: 
therapeutic targets and emerging clinical indications. 
Antioxid Redox Signal. 2015;23(14):1171-1185.                     .  
https://doi.org/10.1089/ars.2015.6433 

35. Alagbe JO. Daniellia oliveri leaf extracts as an alternative to 
antibiotic feed additives in broiler chicken diets: Meat 
Quality and Fatty acid composition. Indones J Innov Appl 
Sci. 2021;1(3):177-186.                     .  
https://doi.org/10.47540/ijias.v1i3.174 

36. Friendship RM, Poljak Z, Dewey CE, Martin SW, 
Christensen J, Carman S. Prevalence of and risk factors for 
in�uenza in southern Ontario swine herds in 2001 and 
2003. Can J Vet Res. 2008;72(1):7.

37. Oluwafemi RA, Daniel SE, Alagbe JO. Haematological and 
serum biochemical indices of broiler chicks fed di�erent 
inclusion levels of ginger (Zingiber o�cinale) and garlic 
(Allium sativum) oil mixture. Asian J Adv Res. 
2021;1068-1074.

38. Shittu MD, Alagbe JO, Adejumo DO, Ademola SG, Abiola 
AO, Samson BO, et al. Productive performance, caeca 
microbial population and immune-modulatory activity of 
broiler chicks fed di�erent levels sida acuta leaf extract in 
replacement of antibiotics. Bioinformatics Proteomics 
Open Access J. 2021;5(1):000143.                     .  
https://doi.org/10.23880/bpoj-16000143 

39. Alagbe JO, Shittu MD, Tanimomo BK. In�uence of 
Anogeissusleio carpus stem bark on the fatty acid 
composition in meat of broiler chickens. Eur J Life Saf Stab. 
2022;14(22):13-22.

40. Rørtveit R, Reiten MR, Lingaas F, Sveri SB, Brech A, 
Espenes A, et al. Glomerular collagen V co-deposition and 
hepatic perisinusoidal collagen III accumulation in canine 
collagen type III glomerulopathy. Vet Pathol. 2015;52(6): 
1134-1141. https://doi.org/10.1177/0300985814560237

J. Agric. Livest. Farming., 2024, 1, 26-32 © Reseapro Journals 2024
https://doi.org/10.61577/jalf.2024.1000014

JOURNAL OF AGRICULTURE AND LIVESTOCK FARMING   
2024, VOL. 1, ISSUE 3

28



All around the world, there is growing interest in the current 
trend to reduce the prophylactic forti�cation of animal feed 
with antibiotics. Antibiotic supplementation, on the other hand, 
resulted in increased growth rates, reduced occurrence of 
various diseases, and better feed e�ciency in the production of 
animals [1,2]. However, there is now mounting proof that 
prolonged, non-speci�c antibiotic exposure causes bacterial 
resistance, which has a considerable impact on the continued 
e�cacy of these vital medications [3,4]. As a result, the 
prophylactic use of antibiotics in animal feed has been limited 
or prohibited in several nations. It becomes more urgent as a 
result to look for alternative methods of preserving animal 
performance and warding o� diseases.

 Essential oils are regarded as the most e�ective antibiotic 
substitute since they leave no trace, don't cause medication 
resistance, and don't have any negative side e�ects [5]. 
According to Melina and Borges, an essential oil is a liquid that 
comprises volatile components from plants with a complicated 
chemical makeup [6]. �e leaves, seeds, �owers, roots, and other 
parts of the plant can all be used to extract them [5,7]. �e active 
ingredients are present in essential oil-producing plants at 
amounts that can be extracted. Since essential oils are o�en 
extracted by steam distillation, the amount added to feed is little 
(less than 0.01%) compared to the amount needed for the same 
bene�ts when utilizing whole plants or plant components (more 
than 5%). Climate, harvest season, plant age, and cultivar within 
a plant variety are other factors that a�ect the content of 

essential oils. A wide range of biological or pharmacological 
actions, including anti-bacterial, antioxidant, antifungal, 
anti-in�ammatory, hepatoprotective, antiseptic, and 
febrifuge, are expressed by medicinal plants like Eucalyptus 
camaldulensis [8]. It belongs to the family Myrtacea is a 
perennial evergreen plant in the genus Eucalyptus [9]. Over 
900 species have been identi�ed and spread across several 
regions of Africa, Europe, South America, and Asia [10,11]. 
Important minerals found in the plant, including salt, zinc, 
iron, magnesium, and potassium, play a critical role in 
activating enzymes that increase resistance to oxidative stress 
[12]. Traditional remedies for cough, cold, fever, arthritis, 
wound, sore, and gastrointestinal disorders include aqueous 
extracts from the bark, stem, and root [12]. Along with having 
therapeutic bene�ts, research has demonstrated that ethanolic 
extracts of bark, leaves, and roots can prevent the growth of 
several pathogenic organisms [9]. According to numerous 
studies, essential oils can positively impact a pig's performance, 
feed intake, antioxidant status, and overall health. However, 
there is a dearth of knowledge regarding eucalyptus oil's 
impact on animals. A prompt evaluation will provide 
information on the test material's degree of e�ectiveness and 
aid in �lling the disparity between animal husbandry and food 
security. �erefore, this experiment was undertaken to access 
the supplementation of Eucalyptus camaldulensis essential oils: 
e�ects on haematology and serum biochemical indices of 
weaned pigs [13,14].

Materials and method Experimental site and ethical 
guidelines
At the Sumitra Research Institute in Gujarat, India, that is 
located at 23o 13' N and 72o 41' E. �is study was carried out in 
the Unit of Animal Nutrition and Biochemistry. All 
management practices were done following the ethical 
standards in India.

Processing of Eucalyptus camaldulensis essential oil 
using Clavenger apparatus
Fresh Eucalyptus camaldulensis leaf was harvested from Sumitra 
Research Institute premises in Gujarat in January 2023. Mature 
leaves are o�en preferred for essential oil extraction because 
they contain the highest concentration of essential oils 
compared to younger leaves. �e leaves should be fully 
expanded, �rm, and green in color, showing no signs of wilting 
or damage. For essential oil extraction, harvesting is typically 
done during mid-morning or early a�ernoon, a�er the dew has 
dried from the leaves but before the heat of the day causes oil 
evaporation. �is time allows for optimal oil retention within 
the leaves. It was identi�ed and authenticated by a certi�ed 
taxonomist. �e leaves were spread on a �at tray and separated 
manually from the stems and cut into smaller pieces with a 
kitchen knife. 100 grams of cut E. camaldulensis was transferred 
into 500 mL round bottom �ask therea�er 300 mL distilled 
water was added to the round bottom �ask. �e clavenger 
apparatus was set up and the mixture in the round bottom �ask 
was heated at 80oC for 60 minutes the steam produced passes 
through the condenser. Oil is collected in a beaker and stored in 
an air tight labeled tube.

Materials Required
Condenser, round bottom �ask (500 mL), glass tubes, iron 
stand, burners, separatory funnel, glass tubes, condenser, 
beaker, stirrer and thermometer.

Livestock housing and management
For this test, 80 male crossbred pigs (Landrace, Yorkshire, and 
Duroc), weaned at 21 days, with an initial weight of 6.88 ± 0.87 
kg, were purchased from a commercial breeding farm in India. 
At Sumitra Research Farm in Gujarat, pigs were placed in 
quarantine for fourteen days. �ey were given a basic diet and 
received Ivermectin preventive treatments (against parasites, 
following the maker's instructions) at (0.2 mL per kilogram). 
Before being divided into 5 semi-open-sided pens, each 
measuring 30 m by 18 m (length × breadth), the animals' 
weights were balanced before distributing them in their 
respective treatments. �e trial lasted 56 days. Pigs were divided 
into four treatment groups, each of which had �ve replicates, 
each of which contained 20 pigs. �e study was conducted using 
a completely randomized experimental design.

Experimental design
Experimental diets were su�cient in all nutrients 
recommended by NRC [15]. Diet 1: basal diet (Corn-soya meal) 
without E. camaldulensis essential oil; diet 2, 3 and 4 were 
supplemented with 200 mg, 400 mg and 600 mg E. 
camaldulensis essential oil /kg respectively, the selection of 
these doses (200 mg, 400 mg, and 600 mg/kg) is likely informed 
by prior research, safety considerations, expected biological 
e�ects, and practical applications in animal nutrition.

Measurements: Blood analysis
Blood for haematological studies was collected on the 56th day 
of the experiment from 10 randomly selected pigs per 
treatment. 2 mL of blood sample was collected very early in the 
morning from jugular vein of pigs into a sterile bottle with 
anticoagulant for haematological analysis using ADVIA 2120i 
automated analyzer (E6500 dual core, USA) with the following 
general speci�cations; Manual closed tube volume (175 µL), 
manual open tube volume (175 µL), automatic closed tube 
volume (175 µL) and work station speci�cations (intel pentium 
E6500 dual core 2.93 GHz 350 W desktop/tower), (3Gb/s 7200 
RPM 16 MB Cache hard drive; 1 GB memory module CD-RW) 
and (17-inch torch screen colour LCD monitor).

 Samples for serum biochemical investigation (2 mL) was 
collected into bottles free from anticoagulant using MISPA 
VIVA, true semi- automated clinical chemistry analyzer with 
the following technical speci�cations; Photometric Module (6 
interference �lters (EMF) 340, 405, 505, 546, 578 and 630 nm 
and 2 optional), silicon photo diode detectors, photometric 
range from 0 to 2.5 O.D, measuring module (30 μL �ow cell 
volume), 10 mm square cuvette, Minimum aspiration volume – 
300 μL and analysis mode (1-point linear and non-linear; 
2-piont linear and non-linear; 1-point sample blank linear and 
non-linear; rate linear and non-linear; Immuno- turbidimetry).
Laboratory analysis of experimental diet
Analysis of experimental diet was carried out using Antaris TM 
FT-NIR analyzer with the following technical speci�cations; 
detectors (dual high performance ultra- cooled in GaAs 
extended range detectors), optical width (10.0 ± 0.3 nm actual 
FWHM), absorbance range (up to 3 AU), wavelength range (less 
than 0.02 nm to traceable standard reference material), 
wavelength precision (less than 0.005 nm), photometric noise 
full range (less than 20 µAu), ambient temperature (32 – 104oF) 
and ambient humidity (less than 95 % RH).

Statistics
All the statistical analysis was performed using SPSS (version 23.0). 
One way analysis of variance was used to determine statistical 
di�erence. P˂0.05 was considered statistically signi�cant.

glucose levels in pigs in T3 and T4 were similar but lower than 
5.80 – 11.00 µmol/L, 2.00 – 5.00 µmol/L and 2.00 – 6.00 mmol/L 
reported by Perri et al. [33]. Normal serum bilirubin indicates 
the absence of haemolysis and stable health status in animals 
[34]. Excessive serum glucose level is triggered during period 
stress or malnutrition [35]. Serum cholesterol, urea and 
creatinine values were comparable to the outcome of Friendship 
et al. [36]. Excessive concentration of urea and creatinine can 
cause liver and kidney damage while low levels could be due to 
low protein or severe liver damage [37]. Low cholesterol 
concentration among pigs fed diet supplemented with 
Eucalyptus camaldulensis essential oil eradicates the dangers of 
coronary disease [38]. Essential oils have also been reported to 
improve the shelf life of meat as well as boosting the level of 

polyunsaturated fatty acid [39]. Serum calcium, phosphorus, 
sodium and chloride were higher (P˂0.05) in T3 and T4 than in 
other diets (T1 and T2) indicating e�ective enzymatic activities, 
maintenance of healthy blood volume and pressure, e�cient 
control of the number of �uids in the body of animals [40].

 Alanine phosphatase (ALP) was within the reference ranges 
for pigs [18]. Elevated alanine phosphatase indicates 
dysfunctional bile system in the body of animals. Similarly, 
values of Alanine Transaminase [AST] and Aspartate 
Transaminase [ALP] were not a�ected in all the groups 
(P˃0.05). �ough the supplementation of Eucalyptus 
camaldulensis essential oil reduced AST and ALP levels from T1 
through T4, values were within the optimal ranges for healthy 
pigs suggesting e�cient liver functions [40].
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Result and Discussion
Haematological parameters of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 2, pack cell volume, haemoglobin, mean 
platelet volume, red blood cell, mean corpuscular volume, mean 
corpuscular haemoglobin concentration (MCHCc) and mean 
corpuscular haemoglobin (MCHb) were altered by dietary 

supplementation of Eucalyptus camaldulensis essential oil in 
weaned pigs. �e values were considerably (P�0.05) greater in 
animals fed diet 2, 3 and 4 compared to the control (diet 1). 
However, values were within were within the optimal range for 
healthy growing pigs cited by Rui et al. (2019) [16]. Increase in 
pack cell volume, haemoglobin, mean platelet volume and red 
blood cell is an indication of improved oxygen carrying capacity 
of the cells which translates to a better nutrient availability in 
the body of pigs [17]. Mean corpuscular volume, MCHb and 
MCHCc were within the normal ranges (31.04 – 70.05 �), 
(18.51 – 52.00 pg) and (58.00 – 72.00 g/L) cited by Klem et al. 
[18]. �ese values attest to the fact that the pigs show no sign of 
anaemia or blood loss [19]. Supplementation of Eucalyptus 
camaldulensis essential oil in diet 3 and increased the white 
blood cell, neutrophils, basophils, monocytes and lymphocytes 
compared to the other groups (P�0.05). Values were within 
established ranges by Yeom et al., white blood cell play a key role 
in production of antibodies and resistance against diseases 
[20,21]. According to Afolabi et al., basophils have a role in the 
production of histamines and heparin in the bloodstream [22]. 
While lymphocytes and monocytes show an animal's capability 
for immunity, neutrophils are indicators of stress [23]. �e 
improvement in blood parameters among pigs fed diet 
supplemented with Eucalyptus camaldulensis essential oil 
(ECO) could be linked to the presence some bioactive 
components in ECO especially α-pinene, β-pinene, eucalyptol 
amongst others [24,25]. �ese compounds have strong 
antimicrobial, antioxidant, anti-in�ammatory, analgesics and 
hepato-protective properties [26]. Results recorded in this study 
are in consonance to the earlier reports of Farhadi et al. [27].

Serum biochemical indices of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 3, total protein, albumin and globulin values 
were higher (P˂0.05) in T2, T3 and T4 than in other group (T1), 

the animals' liver and renal functions were stable and the diets 
were adequate in terms of nutrition [29]. All serum biochemical 
parameters examined in this study, were within the established 
ranges for healthy growing pigs reported by Petrovic et al., 
Cooper et al. [30,31]. Globulin helps to �ght infection in the 
body of animals [32]. Total bilirubin, conjugated bilirubin and 

Parameters 1 2 3 4 SEM Reference values

Total protein (g/dL) 6.89b 7.92a 8.12a 8.15a 0.01 3.00 – 9.53

Albumin (g/dL) 3.09b 4.00a 4.12a 4.15a 0.02 3.51 – 5.20

Globulin (g/dL) 3.80b 3.92a 4.00a 4.00a 0.01 3.00 – 7.00

Cholesterol (mmol/L) 4.17a 2.00b 2.02b 2.17b 0.06 2.31 – 6.51

Urea (mmol/L) 2.00 2.10 2.50 2.55 0.01 1.22 – 3.71

Creatinine (µmol/L) 49.80 49.88 50.00 51.10 1.09 34.10 – 96.17

Total bilirubin (µmol/L) 3.00b 3.02b 5.10a 5.35a 0.02 4.11 – 10.09

Direct bilirubin (µmol/L) 1.00b 1.00b 2.00a 2.16a 0.01 1.77 – 4.00

Glucose (mmol/L) 2.88b 3.16b 5.80a 5.88a 0.05 1.22 – 5.07

Calcium (mmol/L) 1.40c 2.63b 3.35a 3.44a 0.02 1.09 – 4.00

Phosphorus (mmol/L) 1.92b 1.14b 2.55a 2.71a 0.02 1.88 – 2.81

Sodium (mmol/L) 98.71b 100.2a 121.5a 127.3a 2.45 100.5 – 145.7

Chloride (mmol/L) 71.29b 95.11a 98.50a 98.55a 1.48 88.81 – 108.5

ALT (U/L) 72.10 71.44 70.06 75.22 2.06 34.00 – 81.21

AST (U/L) 65.60 68.01 63.80 67.29 2.81 27.10 – 71.34

ALP (U/L) 102.8 121.7 123.1 124.8 3.55 100.8 – 432.1

Table 3. Serum biochemical indices of weaned pigs fed diet supplemented with Eucalyptus camaldulensis essential oil

a,bMeans in a row without a similar superscripts di�er (P˂0.05); ALT: Alanine transaminase, AST: aspartate transaminase; ALP: alanine 
phosphatase; SEM: standard error of mean; Reference values [18].

Conclusions
In conclusion, ECO is rich in several phytonutrients or active 
compounds enabling it to o�er antibacterial, antifungal, 
antioxidants, anti-protozoal, anti-in�ammatory and 
immune-stimulatory properties. It can be supplemented up to 
600 mg/kg in the diet of pigs without negatively a�ecting the 
health status of animals. �ey can also be used as an organic 
alternative to antibiotics to enhance the performance and 
productivity in livestock.
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All around the world, there is growing interest in the current 
trend to reduce the prophylactic forti�cation of animal feed 
with antibiotics. Antibiotic supplementation, on the other hand, 
resulted in increased growth rates, reduced occurrence of 
various diseases, and better feed e�ciency in the production of 
animals [1,2]. However, there is now mounting proof that 
prolonged, non-speci�c antibiotic exposure causes bacterial 
resistance, which has a considerable impact on the continued 
e�cacy of these vital medications [3,4]. As a result, the 
prophylactic use of antibiotics in animal feed has been limited 
or prohibited in several nations. It becomes more urgent as a 
result to look for alternative methods of preserving animal 
performance and warding o� diseases.

 Essential oils are regarded as the most e�ective antibiotic 
substitute since they leave no trace, don't cause medication 
resistance, and don't have any negative side e�ects [5]. 
According to Melina and Borges, an essential oil is a liquid that 
comprises volatile components from plants with a complicated 
chemical makeup [6]. �e leaves, seeds, �owers, roots, and other 
parts of the plant can all be used to extract them [5,7]. �e active 
ingredients are present in essential oil-producing plants at 
amounts that can be extracted. Since essential oils are o�en 
extracted by steam distillation, the amount added to feed is little 
(less than 0.01%) compared to the amount needed for the same 
bene�ts when utilizing whole plants or plant components (more 
than 5%). Climate, harvest season, plant age, and cultivar within 
a plant variety are other factors that a�ect the content of 

essential oils. A wide range of biological or pharmacological 
actions, including anti-bacterial, antioxidant, antifungal, 
anti-in�ammatory, hepatoprotective, antiseptic, and 
febrifuge, are expressed by medicinal plants like Eucalyptus 
camaldulensis [8]. It belongs to the family Myrtacea is a 
perennial evergreen plant in the genus Eucalyptus [9]. Over 
900 species have been identi�ed and spread across several 
regions of Africa, Europe, South America, and Asia [10,11]. 
Important minerals found in the plant, including salt, zinc, 
iron, magnesium, and potassium, play a critical role in 
activating enzymes that increase resistance to oxidative stress 
[12]. Traditional remedies for cough, cold, fever, arthritis, 
wound, sore, and gastrointestinal disorders include aqueous 
extracts from the bark, stem, and root [12]. Along with having 
therapeutic bene�ts, research has demonstrated that ethanolic 
extracts of bark, leaves, and roots can prevent the growth of 
several pathogenic organisms [9]. According to numerous 
studies, essential oils can positively impact a pig's performance, 
feed intake, antioxidant status, and overall health. However, 
there is a dearth of knowledge regarding eucalyptus oil's 
impact on animals. A prompt evaluation will provide 
information on the test material's degree of e�ectiveness and 
aid in �lling the disparity between animal husbandry and food 
security. �erefore, this experiment was undertaken to access 
the supplementation of Eucalyptus camaldulensis essential oils: 
e�ects on haematology and serum biochemical indices of 
weaned pigs [13,14].

Materials and method Experimental site and ethical 
guidelines
At the Sumitra Research Institute in Gujarat, India, that is 
located at 23o 13' N and 72o 41' E. �is study was carried out in 
the Unit of Animal Nutrition and Biochemistry. All 
management practices were done following the ethical 
standards in India.

Processing of Eucalyptus camaldulensis essential oil 
using Clavenger apparatus
Fresh Eucalyptus camaldulensis leaf was harvested from Sumitra 
Research Institute premises in Gujarat in January 2023. Mature 
leaves are o�en preferred for essential oil extraction because 
they contain the highest concentration of essential oils 
compared to younger leaves. �e leaves should be fully 
expanded, �rm, and green in color, showing no signs of wilting 
or damage. For essential oil extraction, harvesting is typically 
done during mid-morning or early a�ernoon, a�er the dew has 
dried from the leaves but before the heat of the day causes oil 
evaporation. �is time allows for optimal oil retention within 
the leaves. It was identi�ed and authenticated by a certi�ed 
taxonomist. �e leaves were spread on a �at tray and separated 
manually from the stems and cut into smaller pieces with a 
kitchen knife. 100 grams of cut E. camaldulensis was transferred 
into 500 mL round bottom �ask therea�er 300 mL distilled 
water was added to the round bottom �ask. �e clavenger 
apparatus was set up and the mixture in the round bottom �ask 
was heated at 80oC for 60 minutes the steam produced passes 
through the condenser. Oil is collected in a beaker and stored in 
an air tight labeled tube.

Materials Required
Condenser, round bottom �ask (500 mL), glass tubes, iron 
stand, burners, separatory funnel, glass tubes, condenser, 
beaker, stirrer and thermometer.

Livestock housing and management
For this test, 80 male crossbred pigs (Landrace, Yorkshire, and 
Duroc), weaned at 21 days, with an initial weight of 6.88 ± 0.87 
kg, were purchased from a commercial breeding farm in India. 
At Sumitra Research Farm in Gujarat, pigs were placed in 
quarantine for fourteen days. �ey were given a basic diet and 
received Ivermectin preventive treatments (against parasites, 
following the maker's instructions) at (0.2 mL per kilogram). 
Before being divided into 5 semi-open-sided pens, each 
measuring 30 m by 18 m (length × breadth), the animals' 
weights were balanced before distributing them in their 
respective treatments. �e trial lasted 56 days. Pigs were divided 
into four treatment groups, each of which had �ve replicates, 
each of which contained 20 pigs. �e study was conducted using 
a completely randomized experimental design.

Experimental design
Experimental diets were su�cient in all nutrients 
recommended by NRC [15]. Diet 1: basal diet (Corn-soya meal) 
without E. camaldulensis essential oil; diet 2, 3 and 4 were 
supplemented with 200 mg, 400 mg and 600 mg E. 
camaldulensis essential oil /kg respectively, the selection of 
these doses (200 mg, 400 mg, and 600 mg/kg) is likely informed 
by prior research, safety considerations, expected biological 
e�ects, and practical applications in animal nutrition.

Measurements: Blood analysis
Blood for haematological studies was collected on the 56th day 
of the experiment from 10 randomly selected pigs per 
treatment. 2 mL of blood sample was collected very early in the 
morning from jugular vein of pigs into a sterile bottle with 
anticoagulant for haematological analysis using ADVIA 2120i 
automated analyzer (E6500 dual core, USA) with the following 
general speci�cations; Manual closed tube volume (175 µL), 
manual open tube volume (175 µL), automatic closed tube 
volume (175 µL) and work station speci�cations (intel pentium 
E6500 dual core 2.93 GHz 350 W desktop/tower), (3Gb/s 7200 
RPM 16 MB Cache hard drive; 1 GB memory module CD-RW) 
and (17-inch torch screen colour LCD monitor).

 Samples for serum biochemical investigation (2 mL) was 
collected into bottles free from anticoagulant using MISPA 
VIVA, true semi- automated clinical chemistry analyzer with 
the following technical speci�cations; Photometric Module (6 
interference �lters (EMF) 340, 405, 505, 546, 578 and 630 nm 
and 2 optional), silicon photo diode detectors, photometric 
range from 0 to 2.5 O.D, measuring module (30 μL �ow cell 
volume), 10 mm square cuvette, Minimum aspiration volume – 
300 μL and analysis mode (1-point linear and non-linear; 
2-piont linear and non-linear; 1-point sample blank linear and 
non-linear; rate linear and non-linear; Immuno- turbidimetry).
Laboratory analysis of experimental diet
Analysis of experimental diet was carried out using Antaris TM 
FT-NIR analyzer with the following technical speci�cations; 
detectors (dual high performance ultra- cooled in GaAs 
extended range detectors), optical width (10.0 ± 0.3 nm actual 
FWHM), absorbance range (up to 3 AU), wavelength range (less 
than 0.02 nm to traceable standard reference material), 
wavelength precision (less than 0.005 nm), photometric noise 
full range (less than 20 µAu), ambient temperature (32 – 104oF) 
and ambient humidity (less than 95 % RH).

Statistics
All the statistical analysis was performed using SPSS (version 23.0). 
One way analysis of variance was used to determine statistical 
di�erence. P˂0.05 was considered statistically signi�cant.

glucose levels in pigs in T3 and T4 were similar but lower than 
5.80 – 11.00 µmol/L, 2.00 – 5.00 µmol/L and 2.00 – 6.00 mmol/L 
reported by Perri et al. [33]. Normal serum bilirubin indicates 
the absence of haemolysis and stable health status in animals 
[34]. Excessive serum glucose level is triggered during period 
stress or malnutrition [35]. Serum cholesterol, urea and 
creatinine values were comparable to the outcome of Friendship 
et al. [36]. Excessive concentration of urea and creatinine can 
cause liver and kidney damage while low levels could be due to 
low protein or severe liver damage [37]. Low cholesterol 
concentration among pigs fed diet supplemented with 
Eucalyptus camaldulensis essential oil eradicates the dangers of 
coronary disease [38]. Essential oils have also been reported to 
improve the shelf life of meat as well as boosting the level of 

polyunsaturated fatty acid [39]. Serum calcium, phosphorus, 
sodium and chloride were higher (P˂0.05) in T3 and T4 than in 
other diets (T1 and T2) indicating e�ective enzymatic activities, 
maintenance of healthy blood volume and pressure, e�cient 
control of the number of �uids in the body of animals [40].

 Alanine phosphatase (ALP) was within the reference ranges 
for pigs [18]. Elevated alanine phosphatase indicates 
dysfunctional bile system in the body of animals. Similarly, 
values of Alanine Transaminase [AST] and Aspartate 
Transaminase [ALP] were not a�ected in all the groups 
(P˃0.05). �ough the supplementation of Eucalyptus 
camaldulensis essential oil reduced AST and ALP levels from T1 
through T4, values were within the optimal ranges for healthy 
pigs suggesting e�cient liver functions [40].
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Result and Discussion
Haematological parameters of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 2, pack cell volume, haemoglobin, mean 
platelet volume, red blood cell, mean corpuscular volume, mean 
corpuscular haemoglobin concentration (MCHCc) and mean 
corpuscular haemoglobin (MCHb) were altered by dietary 

supplementation of Eucalyptus camaldulensis essential oil in 
weaned pigs. �e values were considerably (P�0.05) greater in 
animals fed diet 2, 3 and 4 compared to the control (diet 1). 
However, values were within were within the optimal range for 
healthy growing pigs cited by Rui et al. (2019) [16]. Increase in 
pack cell volume, haemoglobin, mean platelet volume and red 
blood cell is an indication of improved oxygen carrying capacity 
of the cells which translates to a better nutrient availability in 
the body of pigs [17]. Mean corpuscular volume, MCHb and 
MCHCc were within the normal ranges (31.04 – 70.05 �), 
(18.51 – 52.00 pg) and (58.00 – 72.00 g/L) cited by Klem et al. 
[18]. �ese values attest to the fact that the pigs show no sign of 
anaemia or blood loss [19]. Supplementation of Eucalyptus 
camaldulensis essential oil in diet 3 and increased the white 
blood cell, neutrophils, basophils, monocytes and lymphocytes 
compared to the other groups (P�0.05). Values were within 
established ranges by Yeom et al., white blood cell play a key role 
in production of antibodies and resistance against diseases 
[20,21]. According to Afolabi et al., basophils have a role in the 
production of histamines and heparin in the bloodstream [22]. 
While lymphocytes and monocytes show an animal's capability 
for immunity, neutrophils are indicators of stress [23]. �e 
improvement in blood parameters among pigs fed diet 
supplemented with Eucalyptus camaldulensis essential oil 
(ECO) could be linked to the presence some bioactive 
components in ECO especially α-pinene, β-pinene, eucalyptol 
amongst others [24,25]. �ese compounds have strong 
antimicrobial, antioxidant, anti-in�ammatory, analgesics and 
hepato-protective properties [26]. Results recorded in this study 
are in consonance to the earlier reports of Farhadi et al. [27].

Serum biochemical indices of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 3, total protein, albumin and globulin values 
were higher (P˂0.05) in T2, T3 and T4 than in other group (T1), 

the animals' liver and renal functions were stable and the diets 
were adequate in terms of nutrition [29]. All serum biochemical 
parameters examined in this study, were within the established 
ranges for healthy growing pigs reported by Petrovic et al., 
Cooper et al. [30,31]. Globulin helps to �ght infection in the 
body of animals [32]. Total bilirubin, conjugated bilirubin and 

Conclusions
In conclusion, ECO is rich in several phytonutrients or active 
compounds enabling it to o�er antibacterial, antifungal, 
antioxidants, anti-protozoal, anti-in�ammatory and 
immune-stimulatory properties. It can be supplemented up to 
600 mg/kg in the diet of pigs without negatively a�ecting the 
health status of animals. �ey can also be used as an organic 
alternative to antibiotics to enhance the performance and 
productivity in livestock.
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All around the world, there is growing interest in the current 
trend to reduce the prophylactic forti�cation of animal feed 
with antibiotics. Antibiotic supplementation, on the other hand, 
resulted in increased growth rates, reduced occurrence of 
various diseases, and better feed e�ciency in the production of 
animals [1,2]. However, there is now mounting proof that 
prolonged, non-speci�c antibiotic exposure causes bacterial 
resistance, which has a considerable impact on the continued 
e�cacy of these vital medications [3,4]. As a result, the 
prophylactic use of antibiotics in animal feed has been limited 
or prohibited in several nations. It becomes more urgent as a 
result to look for alternative methods of preserving animal 
performance and warding o� diseases.

 Essential oils are regarded as the most e�ective antibiotic 
substitute since they leave no trace, don't cause medication 
resistance, and don't have any negative side e�ects [5]. 
According to Melina and Borges, an essential oil is a liquid that 
comprises volatile components from plants with a complicated 
chemical makeup [6]. �e leaves, seeds, �owers, roots, and other 
parts of the plant can all be used to extract them [5,7]. �e active 
ingredients are present in essential oil-producing plants at 
amounts that can be extracted. Since essential oils are o�en 
extracted by steam distillation, the amount added to feed is little 
(less than 0.01%) compared to the amount needed for the same 
bene�ts when utilizing whole plants or plant components (more 
than 5%). Climate, harvest season, plant age, and cultivar within 
a plant variety are other factors that a�ect the content of 

essential oils. A wide range of biological or pharmacological 
actions, including anti-bacterial, antioxidant, antifungal, 
anti-in�ammatory, hepatoprotective, antiseptic, and 
febrifuge, are expressed by medicinal plants like Eucalyptus 
camaldulensis [8]. It belongs to the family Myrtacea is a 
perennial evergreen plant in the genus Eucalyptus [9]. Over 
900 species have been identi�ed and spread across several 
regions of Africa, Europe, South America, and Asia [10,11]. 
Important minerals found in the plant, including salt, zinc, 
iron, magnesium, and potassium, play a critical role in 
activating enzymes that increase resistance to oxidative stress 
[12]. Traditional remedies for cough, cold, fever, arthritis, 
wound, sore, and gastrointestinal disorders include aqueous 
extracts from the bark, stem, and root [12]. Along with having 
therapeutic bene�ts, research has demonstrated that ethanolic 
extracts of bark, leaves, and roots can prevent the growth of 
several pathogenic organisms [9]. According to numerous 
studies, essential oils can positively impact a pig's performance, 
feed intake, antioxidant status, and overall health. However, 
there is a dearth of knowledge regarding eucalyptus oil's 
impact on animals. A prompt evaluation will provide 
information on the test material's degree of e�ectiveness and 
aid in �lling the disparity between animal husbandry and food 
security. �erefore, this experiment was undertaken to access 
the supplementation of Eucalyptus camaldulensis essential oils: 
e�ects on haematology and serum biochemical indices of 
weaned pigs [13,14].

Materials and method Experimental site and ethical 
guidelines
At the Sumitra Research Institute in Gujarat, India, that is 
located at 23o 13' N and 72o 41' E. �is study was carried out in 
the Unit of Animal Nutrition and Biochemistry. All 
management practices were done following the ethical 
standards in India.

Processing of Eucalyptus camaldulensis essential oil 
using Clavenger apparatus
Fresh Eucalyptus camaldulensis leaf was harvested from Sumitra 
Research Institute premises in Gujarat in January 2023. Mature 
leaves are o�en preferred for essential oil extraction because 
they contain the highest concentration of essential oils 
compared to younger leaves. �e leaves should be fully 
expanded, �rm, and green in color, showing no signs of wilting 
or damage. For essential oil extraction, harvesting is typically 
done during mid-morning or early a�ernoon, a�er the dew has 
dried from the leaves but before the heat of the day causes oil 
evaporation. �is time allows for optimal oil retention within 
the leaves. It was identi�ed and authenticated by a certi�ed 
taxonomist. �e leaves were spread on a �at tray and separated 
manually from the stems and cut into smaller pieces with a 
kitchen knife. 100 grams of cut E. camaldulensis was transferred 
into 500 mL round bottom �ask therea�er 300 mL distilled 
water was added to the round bottom �ask. �e clavenger 
apparatus was set up and the mixture in the round bottom �ask 
was heated at 80oC for 60 minutes the steam produced passes 
through the condenser. Oil is collected in a beaker and stored in 
an air tight labeled tube.

Materials Required
Condenser, round bottom �ask (500 mL), glass tubes, iron 
stand, burners, separatory funnel, glass tubes, condenser, 
beaker, stirrer and thermometer.

Livestock housing and management
For this test, 80 male crossbred pigs (Landrace, Yorkshire, and 
Duroc), weaned at 21 days, with an initial weight of 6.88 ± 0.87 
kg, were purchased from a commercial breeding farm in India. 
At Sumitra Research Farm in Gujarat, pigs were placed in 
quarantine for fourteen days. �ey were given a basic diet and 
received Ivermectin preventive treatments (against parasites, 
following the maker's instructions) at (0.2 mL per kilogram). 
Before being divided into 5 semi-open-sided pens, each 
measuring 30 m by 18 m (length × breadth), the animals' 
weights were balanced before distributing them in their 
respective treatments. �e trial lasted 56 days. Pigs were divided 
into four treatment groups, each of which had �ve replicates, 
each of which contained 20 pigs. �e study was conducted using 
a completely randomized experimental design.

Experimental design
Experimental diets were su�cient in all nutrients 
recommended by NRC [15]. Diet 1: basal diet (Corn-soya meal) 
without E. camaldulensis essential oil; diet 2, 3 and 4 were 
supplemented with 200 mg, 400 mg and 600 mg E. 
camaldulensis essential oil /kg respectively, the selection of 
these doses (200 mg, 400 mg, and 600 mg/kg) is likely informed 
by prior research, safety considerations, expected biological 
e�ects, and practical applications in animal nutrition.

Measurements: Blood analysis
Blood for haematological studies was collected on the 56th day 
of the experiment from 10 randomly selected pigs per 
treatment. 2 mL of blood sample was collected very early in the 
morning from jugular vein of pigs into a sterile bottle with 
anticoagulant for haematological analysis using ADVIA 2120i 
automated analyzer (E6500 dual core, USA) with the following 
general speci�cations; Manual closed tube volume (175 µL), 
manual open tube volume (175 µL), automatic closed tube 
volume (175 µL) and work station speci�cations (intel pentium 
E6500 dual core 2.93 GHz 350 W desktop/tower), (3Gb/s 7200 
RPM 16 MB Cache hard drive; 1 GB memory module CD-RW) 
and (17-inch torch screen colour LCD monitor).

 Samples for serum biochemical investigation (2 mL) was 
collected into bottles free from anticoagulant using MISPA 
VIVA, true semi- automated clinical chemistry analyzer with 
the following technical speci�cations; Photometric Module (6 
interference �lters (EMF) 340, 405, 505, 546, 578 and 630 nm 
and 2 optional), silicon photo diode detectors, photometric 
range from 0 to 2.5 O.D, measuring module (30 μL �ow cell 
volume), 10 mm square cuvette, Minimum aspiration volume – 
300 μL and analysis mode (1-point linear and non-linear; 
2-piont linear and non-linear; 1-point sample blank linear and 
non-linear; rate linear and non-linear; Immuno- turbidimetry).
Laboratory analysis of experimental diet
Analysis of experimental diet was carried out using Antaris TM 
FT-NIR analyzer with the following technical speci�cations; 
detectors (dual high performance ultra- cooled in GaAs 
extended range detectors), optical width (10.0 ± 0.3 nm actual 
FWHM), absorbance range (up to 3 AU), wavelength range (less 
than 0.02 nm to traceable standard reference material), 
wavelength precision (less than 0.005 nm), photometric noise 
full range (less than 20 µAu), ambient temperature (32 – 104oF) 
and ambient humidity (less than 95 % RH).

Statistics
All the statistical analysis was performed using SPSS (version 23.0). 
One way analysis of variance was used to determine statistical 
di�erence. P˂0.05 was considered statistically signi�cant.
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cause liver and kidney damage while low levels could be due to 
low protein or severe liver damage [37]. Low cholesterol 
concentration among pigs fed diet supplemented with 
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fatty acid composition of rabbit's thigh meat. J Environ 
Issues Clim Change. 2022;1(1):63-71.                     .  
https://doi.org/10.59110/jeicc.v1i1.76 
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Hematologic and biochemical reference intervals for Norwegian 
crossbreed grower pigs. Vet Clin Pathol. 2010;39:221-226. 
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Result and Discussion
Haematological parameters of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 2, pack cell volume, haemoglobin, mean 
platelet volume, red blood cell, mean corpuscular volume, mean 
corpuscular haemoglobin concentration (MCHCc) and mean 
corpuscular haemoglobin (MCHb) were altered by dietary 

supplementation of Eucalyptus camaldulensis essential oil in 
weaned pigs. �e values were considerably (P�0.05) greater in 
animals fed diet 2, 3 and 4 compared to the control (diet 1). 
However, values were within were within the optimal range for 
healthy growing pigs cited by Rui et al. (2019) [16]. Increase in 
pack cell volume, haemoglobin, mean platelet volume and red 
blood cell is an indication of improved oxygen carrying capacity 
of the cells which translates to a better nutrient availability in 
the body of pigs [17]. Mean corpuscular volume, MCHb and 
MCHCc were within the normal ranges (31.04 – 70.05 �), 
(18.51 – 52.00 pg) and (58.00 – 72.00 g/L) cited by Klem et al. 
[18]. �ese values attest to the fact that the pigs show no sign of 
anaemia or blood loss [19]. Supplementation of Eucalyptus 
camaldulensis essential oil in diet 3 and increased the white 
blood cell, neutrophils, basophils, monocytes and lymphocytes 
compared to the other groups (P�0.05). Values were within 
established ranges by Yeom et al., white blood cell play a key role 
in production of antibodies and resistance against diseases 
[20,21]. According to Afolabi et al., basophils have a role in the 
production of histamines and heparin in the bloodstream [22]. 
While lymphocytes and monocytes show an animal's capability 
for immunity, neutrophils are indicators of stress [23]. �e 
improvement in blood parameters among pigs fed diet 
supplemented with Eucalyptus camaldulensis essential oil 
(ECO) could be linked to the presence some bioactive 
components in ECO especially α-pinene, β-pinene, eucalyptol 
amongst others [24,25]. �ese compounds have strong 
antimicrobial, antioxidant, anti-in�ammatory, analgesics and 
hepato-protective properties [26]. Results recorded in this study 
are in consonance to the earlier reports of Farhadi et al. [27].

Serum biochemical indices of weaned pigs fed diet 
supplemented with Eucalyptus camaldulensis 
essential oil
As shown in Table 3, total protein, albumin and globulin values 
were higher (P˂0.05) in T2, T3 and T4 than in other group (T1), 

the animals' liver and renal functions were stable and the diets 
were adequate in terms of nutrition [29]. All serum biochemical 
parameters examined in this study, were within the established 
ranges for healthy growing pigs reported by Petrovic et al., 
Cooper et al. [30,31]. Globulin helps to �ght infection in the 
body of animals [32]. Total bilirubin, conjugated bilirubin and 

Conclusions
In conclusion, ECO is rich in several phytonutrients or active 
compounds enabling it to o�er antibacterial, antifungal, 
antioxidants, anti-protozoal, anti-in�ammatory and 
immune-stimulatory properties. It can be supplemented up to 
600 mg/kg in the diet of pigs without negatively a�ecting the 
health status of animals. �ey can also be used as an organic 
alternative to antibiotics to enhance the performance and 
productivity in livestock.
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