Iranian Journal of Animal Science Research
Homepage: http://ijasr.um.ac.ir L

Research Article
Vol. 17, No.4, 2026, p. 427-446

Effect of Nano-Encapsulated Trachyspermum ammi Essential Oil on
Performance and Blood Biochemical Parameters of Broiler Chickens Fed Wheat
Based Diets

Shokoufe Ghazanfari'='**, Cyrus Akbari Shadbad*, Amir Meimandipour=2, Seyed Abdollah Hosseini"='3,
Shirin Honarbakhsh:™

1- Department of Livestock and Poultry Sciences, Faculty of Agricultural Technology (Aburaihan), University of
Tehran, Pakdasht, Iran

2- Department of Animal Biotechnology, National Institute of Genetic Engineering and Biotechnology, Tehran, Iran

3- Department of Animal and Poultry Nutrition Research, Animal Science Research Institute, Agricultural Research,
Education and Extension Organization (AREEQO), Karaj, Iran

*Corresponding Author's Email: shghazanfari@ut.ac.ir

How to cite this article:

Ghazanfari, S., Akbari Shadbad, C., Meimandipour, A., Hosseini, S. A.,, &
Honarbakhsh, S. (2026). Effect of nano-encapsulated Trachyspermum ammi
essential oil on performance and blood biochemical parameters of broiler
chickens fed wheat based diets. Iranian Journal of Animal Science Research,
17(4), 427-446. (in Persian with English abstract).
https://doi.org/10.22067/ijasr.2025.94628.1261

Received: 27-07-2025
Revised: 28-10-2025
Accepted: 04-11-2025
Available Online: 03-02-2026

Introduction: Compared to corn, wheat offers less energy but provides more nutrients. Non-starch
polysaccharides in wheat can be challenging for broiler chickens to digest. These complex carbohydrates can
increase the viscosity of the intestinal contents, slowing down the digestive process and nutrient absorption. This can
lead to reduced growth performance in broilers fed wheat-based diets compared to those fed corn-based diets.
Ajwain (Trachyspermum ammi), a member of the Apiaceae family, produces an essential oil that is rich in thymol
(35-60%), known for its antibacterial properties. Other significant compounds include para-cymene, y-terpinene, and
carvacrol. These components inhibit both pathogenic and non-pathogenic intestinal species. This antibacterial action
helps in maintaining gut health, reducing the load of harmful bacteria, and potentially improving nutrient absorption
and growth performance in broilers. While essential oils present a promising alternative to antibiotics, their direct
inclusion in animal diets faces limitations due to their hydrophobic, reactive, and volatile nature. Encapsulation
techniques, especially those involving nanotechnology, can protect these oils from degradation, improve their
stability, and enhance their bioavailability, thereby improving feed consumption and antimicrobial efficacy.
Nanotechnology enhances essential oil availability in livestock by increasing surface area. Encapsulated plant
essential oils in polymers protect them and improve their antimicrobial properties. Despite the potential benefits,
there is a lack of comprehensive research on the effects of encapsulated ajwain essential oil on broiler performance.
Therefore, the present study aimed to evaluate growth performance and selected blood biochemical parameters in
broiler chickens fed wheat-based diets supplemented with different forms and concentrations of ajwain essential oil.

Materials and Methods: A total of 1500 one-day-old male broiler chickens were randomly allocated to 12
experimental groups, with five replicates per group and 25 broiler chickens per replicate, following a 2x3x2
factorial arrangement. The factors considered were diet types (corn and corn-wheat), levels of ajwain essential oil
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(0, 150, and 300 mg/kg of diet), and forms of ajwain essential oil (conventional and encapsulated). Various
parameters were measured and recorded, including growth performance, carcass characteristics, and blood
biochemical indicators (such as triglyceride, cholesterol, low-density lipoprotein, aspartate aminotransferase,
alkaline phosphatase, and alanine aminotransferase) in broiler chickens. Data analysis was performed using the
General Linear Model (GLM) procedure of SAS software. Mean separation among treatments was performed using
Tukey’s multiple range test.

Results and Discussion: This study investigated the effects of dietary formulation and supplementation with
ajwain essential oil (AEQ) both free and encapsulated on broiler performance, carcass traits, and metabolic health.
The results demonstrate that dietary composition and the method and level of AEO supplementation significantly
influenced growth performance, feed efficiency, carcass yield, and health markers in broiler chickens. Broilers fed a
corn-wheat-based diet consistently exhibited higher feed intake than those on a corn-only diet throughout all
production phases, suggesting improved palatability and enhanced nutrient utilization associated with the mixed-
grain formulation. Supplementation of the corn-wheat diet with 300 ppm AEO further increased feed intake during
the finisher period, implying a stimulatory effect of higher AEO concentrations on older birds. Body weight gain
(BWG) was significantly enhanced by both AEO supplementation and mixed grain feeding, particularly during the
starter phase. Notably, AEO at either 150 or 300 ppm improved early BWG, and encapsulated AEO appeared to
outperform free oil, likely due to improved stability and targeted release in the gastrointestinal tract. However,
during the finisher period, unsupplemented corn-wheat diets resulted in lower BWG compared to any AEO-
supplemented or corn-based diet, indicating the necessity of AEO inclusion in late-stage growth for optimal
performance. Over the entire trial, AEO supplementation significantly improved overall BWG in corn-wheat fed
birds. Feed conversion ratio (FCR) was affected by both diet and AEO level, with the poorest FCR observed in
broilers fed the unsupplemented corn-wheat diet during the finisher phase. Optimal FCR was achieved in groups
receiving corn plus 300 ppm AEO and corn-wheat plus 150 ppm AEO, highlighting the importance of synergy
between base diet and AEO dose. Mortality was, however, higher in the corn—wheat diet supplemented with 300
ppm AEO, suggesting a potential adverse effect associated with this higher inclusion level. The European
Production Efficiency Factor (EPEF) was highest in the corn-wheat + 150 ppm AEO group, indicating 150 ppm as
the optimal dose in the corn-wheat matrix. Carcass analysis revealed that the corn-wheat diet improved relative
carcass and breast weights, while corn diets increased relative weights of the liver, spleen, and gizzard, possibly
reflecting metabolic strain. Thigh weight was higher in unsupplemented diets at day 42. Biochemical analysis
indicated that encapsulated AEO was more effective than free oil in reducing serum low density lipoprotein (LDL)
cholesterol and mitigating elevations in liver enzymes (aspartate aminotransferase, alanine aminotransferase),
suggesting improved lipid metabolism and hepatoprotection. Serum triglycerides were lowest in broilers fed corn-
wheat + 300 ppm encapsulated AEO. In summary, encapsulation of AEO provided metabolic and hepatic health
benefits, and 150 ppm was identified as an optimal supplementation level for performance and health when included
in a corn-wheat diet.

Conclusion: This study demonstrates that supplementing corn-wheat-based diets with AEO, particularly in
encapsulated form, significantly enhances broiler performance and metabolic health. The corn-wheat combination
itself promoted higher feed intake and weight gain compared to corn-based diets. Crucially, AEO supplementation
at 150 ppm emerged as the optimal level, synergistically improving weight gain, optimizing the FCR, elevating the
European Production Efficiency Factor, and reducing serum LDL cholesterol and key liver enzymes (aspartate
aminotransferase, alanine aminotransferase), indicative of better hepatic health. While encapsulated AEO further
improved lipid profiles and reduced liver enzyme markers compared to free oil, higher supplementation (300 ppm)
increased mortality and elevated liver enzymes. Significant interactions between diet type and AEO levels were
evident, particularly for FCR and organ weights. Overall, the integration of corn-wheat diets with 150 ppm
encapsulated AEO offers a promising strategy to enhance growth efficiency, carcass yield, and metabolic status in
broilers, though higher doses warrant caution due to potential negative impacts on mortality and liver stress markers.
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(Mass Spectrometry Gas chromatography) (GC-MS)

wtbosd pb
Chemical name

loyd
Percentage

Joes
Thymol

O y—Lel8
y-Terpinene
ool
Para-cymene
e
Myrcene
oLy
B-Phellandrene
B—pinene

41

30

16

494 nm

30.3 nm

' 51.6 nm

75.9 nm
69.4 nm

71.2 nm

~ay

5
-

Ny

25 KV 490.0 KX

KYKY-EM3IZ200

54.7 nm

50.2 nm = 759nm

e

728 nm

94.5 nm

50.8 nm

42.8 nm

SN:00S5S

35S S5 GsSs Seo e g S oSl =Y U5

Figure 1- Scanning electron microscope image of chitosan nanoparticles
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Table 2- Composition of the experimental diets at different periods including starter (1 to 10 days), grower (11 to 24 days) and
finisher (25 to 42 days) for broiler chickens
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2 The following values are provided per kg of diet: vitamin A: 900 IU, vitamin Ds: 2000 IU, vitamin E: 18 IU, vitamin Kj: 2 mg, vitamin B;: 8.1 mg,
vitamin B,: 6.6 mg, vitamin Bg: 3 mg. vitamin Bi,: 15 pg, niacin: 30 mg, pantothenic acid: 10 mg, biotin: 1 mg, antioxidants: 100 mg, manganese:
100 mg, iron: 50 mg, zinc: 85 mg, copper: 10 mg, iodine: 5.1 mg, selenium: 2 mg
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,Trachyspermum ammi, Foeniculum vulgare, Trigonella
foenum-graecum, Brassica spp., Ferula assa-foetida
2-Myrtus communis

1- Curcumin, Capsaicin, Piperine, Allium sativum,
Allium cepa, Zingiber officinale, Mentha spp,
Coriandrum sativum, Cuminum cyminum
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Table 5- Effects of diet type, contents and forms of Ajwain essential oil on carcass characteristics (% live body weight) of broiler
chickens at 42 days of age

s (fasvoly (e (b (Bl (o (el (F) oS (1) e

Parameters Carcass yield Breast Thigh Heart Liver Spleen Gizzard Cecum
(%) (%) (%) (%) (%) (%) (%) (%)

oy £

Diet type

< 73.8° 25.9P 19.5 0.42 2.60° 0.17° 3.56° 0.51

Corn

psT e 74.9° 26.7° 19.3 0.41 2.40° 0.14° 3.25 0.53

Corn — wheat

Sl sllad (e 0.37 0.27 0.14 0.01 0.06 0.009 0.07 0.02

Standard error of the mean

(PSS 2 p S ke) (s il o

AEO! content (mg/kg)

0 74.2 26.1 19.8° 0.42 2.49 0.15 3.44 0.54

150 74.2 26.3 19.1° 0.41 2.44 0.15 3.49 0.53

300 74.7 265 19.2% 0.41 2.57 0.17 3.29 0.49

Sl sllad (e 0.45 0.33 0.17 0.01 0.07 0.01 0.08 0.03

Standard error of the mean

o5 il S

AEO form

ol sl 743 26.1 19.4 0.42 2.50 0.16 3.37 0.53

AEO

g i pilel 74.4 26.5 19.3 0.41 2.50 0.16 3.44 0.51

E-AEO?

Sl s (Sle 0.37 0.27 0.14 0.01 0.06 0.009 0.07 0.03

Standard error of the mean

Sbze Jlois! pdas

P-value

o &5 0.03 0.04 0.37 0.60 0.03 0.02 0.005 0.46

Diet type

o5 il s 0.66 0.62 0.02 0.64 0.49 0.32 0.26 051

AEO content

ol ol g 0.88 0.26 0.61 0.44 0.96 0.95 0.49 0.71

AEO form
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abc Means in each column with different superscripts are different (P < 0.05).
IAEO: Ajwain essential oil, and 2E-AEO: Encapsulated Ajwain essential oil.
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Table 6- Effects of diet type, contents and forms of Ajwain essential oil on blood biochemistry metabolites of broiler
chickens at 42 days of age
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abc Means in each column with different superscripts are different (P < 0.05).
ILDL: low density lipoprotein, 2AST: aspartate aminotransferase, 3ALT: alanine aminotransferase, “ALP: alkaline

phosphatase.

SAEO: Ajwain essential oil, and SE-AEQ: Encapsulated Ajwain essential oil.
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