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Abstract:  

The objective of this study was to evaluate the effect of aqueous extract of chaparral (Larrea 

tridentata) on the productive performance, hematological profile, white cell count, organ 

weights, and antibody titers against Newcastle disease in broiler chicks. 600 1-d-old Cobb 

breed chicks were assigned to the following treatments: 0, 5, 10, 10, 15, 20, and 25 mg of an 

aqueous chaparral extract per kg of feed. Feed consumption, weight gain, and feed 

conversion rate were recorded and analyzed. In addition, leukocyte cell counts, Newcastle 

antibody titers were evaluated and the weight of the thymus, spleen, and Fabricius’ bag was 

recorded. Weight gains were improved (P<0.05) with the chaparral extracts compared to the 

control group, while the best feed conversion rate (P<0.05) was obtained with 15 mg of the 

extract. Leukocyte counts and organ weights were not affected by the extract. The highest 
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titers against Newcastle disease (P<0.05) were found with 15 mg of chaparral extract. This 

study concludes that an aqueous extract of chaparral at a dose of 15 mg per kg of feed is an 

alternative to improve the immune response and, therefore, the weight gain in broiler chicks. 

Keywords: Antibodies, Newcastle disease, Organs, Chaparral, Creosote bush, Larrea 
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Introduction 
 

 

Antibiotics have been utilized as growth promoters for decades in commercial industrial 

broilers with excellent production parameters. As a result, these antibiotics are the main 

factors of antimicrobial resistance in many pathogenic bacteria. This has been a reason for 

consumers in several countries to question the safety of poultry meat and eggs(1). For this 

reason, the use of antibiotics for growth promotion has been banned in certain countries. At 

the same time, other research has been carried out to search for alternatives. For example, 

plant extracts have received attention as potential replacements for growth promoters(2). The 

incorporation of medicinal plants into the diet has been shown to provide beneficial effects 

on the health and performance of poultry due to the antimicrobial activity of their 

phytocompounds(3). The use of antimicrobial compounds obtained from natural sources has 

been gaining public approval(4).  

 

The creosote bush or chaparral (L. tridentata) is a shrubby plant belonging to the 

Zygophyllaceae family, which dominates the desert of the southwestern United States and 

north-central Mexico(5). Tea made from the leaves of chaparral has been used in traditional 

medicine to treat digestive disorders, rheumatism, venereal diseases, sores, and common 

cold(6). Phytochemical studies carried out with chaparral indicate that it contains lignans, 

flavonoids, condensed tannins, triterpenes, saponins, and naphthoquinones(5), which possess 

antioxidant, anti-HIV, antimicrobial, and enzymatic inhibitory and antitumor properties(7,8). 

Nineteen (19) flavonoid aglycones were found in the resin and wax covering the leaves of 

chaparral, as well as several lignans, in particular nordihydroguaiaretic acid (NDGA), a 

natural phytochemical lignan extracted from the shrub with properties such as antitumor, 

anticancer, phenolic antioxidant by inhibiting 5-lipoxygenase, arachidonic acid, and 
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thromboxane A2 biosynthesis(9); glycosylated flavonoids, sapogenins, essential oils, and 

halogenic alkaloids have also been isolated(10).  

 

The hematological characteristics or hemogram of the birds are important as predictors of 

health because a good balance between hematological cells can improve the immunological 

and productive response of the birds(11). Therefore, it is pertinent to research the effects of 

chaparral on these indicators. The objective of the present study was to evaluate the effect of 

a chaparral (Larrea tridentata) extract in the diet on the productive performance and antibody 

response of broiler chickens. 

 

 

Material and methods 
 

 

Chaparral (Larrea tridentata) leaves were collected in December, during the dry season, in 

the municipality of Matehuala (23.6667 N and 100.583 W), in the state of San Luis Potosí. 

This site of the Potosi-Zacatecas Highland is flat, with calcareous clayey soil and evidence 

of secondary disturbance-succession from microphyllous desert scrubland to L. tridentata 

due to the abandonment of corn cultivation. The creosote bush specimens were taxonomically 

identified by specialists from the Isidro Palacios Herbarium of the Desert Zone Research 

Institute (Instituto de Investigaciones de Zonas Desérticas) of the Autonomous University of 

San Luis Potosí (Universidad Autónoma de San Luis Potosí). Leaves were randomly 

collected from 10 mature shrubs with a minimum height of 1 m and abundant foliage. 

Approximately 10 % of the total leaves were collected from each shrub in order to form a 

composite sample.  

 

The leaves were dried under the shade to constant weight and ground in a Thomas 4 mill 

(Willey, Thomas Scientific, NJ, USA) to a 2-mm particle size. This material was kept away 

from the light at 22 ºC for later use. The extraction process used was infusion with deionized 

water at a ratio of 30 ml of solvent per gram of leaf, at 65 ºC for 40 min. The suspension thus 

obtained was filtered through Whatman grade 4 paper, concentrated in a vacuum apparatus 

under reduced pressure at a temperature of 38 ºC for 5 h (Gastrovac, GC2000, ICC, 

Barcelona, Spain), and dried by lyophilization (Labconco, 7400040, USA) until obtaining 

samples with 7% moisture content. The process was carried out in triplicate. 

 

Animal procedures were reviewed and supervised by a Bioethics Committee per the Official 

Mexican Regulation on Technical Specifications for the Production, Maintenance, and Use 

of Laboratory Animals(12). In a completely randomized design, 600 1-d-old Cobb chicks were 

assigned to six experimental diets containing 0, 5, 10, 15, 15, 20, and 25 mg of aqueous 

extract of chaparral (L. tridentata) per kilogram of feed. The powdered plant extract was 
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mixed with the diet. The chicks were housed in brooder battery cages (Petersime Inc., 

Gettysburg, OH, USA) in a temperature-controlled room (25 °C) under 24-h light. All the 

chicks were immunized at 7 d of age, via ocular route, with a drop of active Newcastle virus 

strain La Sota (Newcastle, BioZoo, Zapopan, Jalisco, MX). 

 

The chicks were fed free range with fresh, clean water and concentrate feed formulated to 

meet the NRC requirements for broiler chicks(13). The basal diet consisted of 566.33 g/kg 

yellow corn, 360.28 g/kg soybean paste, 28.35 g/kg vegetable oil, 17.94 g/kg 

monobasic/dibasic phosphate, 15.82 g/kg calcium carbonate, 4 g/kg sodium chloride, 2.38 

g/kg DL-methionine, 1.75 g/kg L-lysine, 1.07 g/kg Choline, 5 g/kg vitamins and minerals, 

and 0.30 g/kg L-threonine. The chemical composition of the diet was 21.73 % CP, 5.3 % fat, 

2.91 % crude fiber, 6.66 % ash, 1 % calcium, 0.75 % phosphorus, 1.33 % lysine, 0.9 % 

methionine, and 0.86 % threonine.   

 

The experiment lasted 21 d. Feed consumption and initial and final weights were recorded. 

The weight gains per day and the total and final weight were estimated based on this 

information. The total weight gain and total feed consumption were used to calculate the feed 

conversion. On d 22, 20 birds from each treatment had a blood sample collected by cardiac 

puncture and placed in vacuum tubes with anticoagulant (EDTA) for analysis. 

 

A hematological analysis was performed on a blood smear by differential leukocyte count 

including lymphocytes, heterophils, eosinophils, monocytes, and basophils. The leukocyte 

count was performed using Natt and Herrick's solution at a ratio of 1:1 200. The diluted blood 

was allowed to mix for 2 min before being discharged into a hemacytometer chamber. The 

white blood cell count was performed under a 40X objective of the microscope(14). The 

immune response against Newcastle disease was assessed by immunoadsorbent assay 

(ELISA) using the Newcastle disease antibody test kit (IDEXX Laboratories Inc. Westbrook, 

MEO4092). The serum samples were diluted and dispensed into the plates with negative 

control and positive control in duplicate following the manufacturer's incubation, washing, 

and dispensing recommendations. The plates were read spectrophotometrically at 650 nm 

absorbance (Multiskan FC, Thermo Fisher Scientific Inc., Waltham, MA, USA). The chicks 

were then euthanized, and the final weight of their lymphoid organs such as thymus, spleen, 

and Fabricius’ bag was measured.  

 

The data were analyzed as a completely randomized design to evaluate the six doses of the 

aqueous chaparral extract. For this purpose, the chicks were randomly placed in 10 brooders 

(60 chicks per brooder) of six levels each (60 levels with 10 chicks per level), so that there 

were 10 replicates (levels) per treatment. The analysis of variance was performed using the 

MIXED procedure of SAS and the differences between the means using Tukey's test(15). The 
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treatments (fixed) were the inclusion dose of L. tridentata extracts and the (randomized) 

replicate.  

 

 

Results and discussion 
 

 

The average daily weight gain, total weight gain, and final weight were higher (P<0.05) in 

the chicks that consumed the aqueous chaparral extracts compared to the control. The feed 

conversion rate was lower (P<0.05), i.e., the best was in the chicks consuming feed with 15 

mg of the aqueous extract (Table 1). The different doses of aqueous chaparral extract did not 

modify the leukocyte profile or the weight of the spleen, thymus, and Fabricius’ bag. The 

leukocyte parameters were within the reference values reported for Cobb chicks(16). However, 

the chicks that consumed feed with aqueous chaparral extract at a dose of 15 mg/kg had the 

best antibody titers (P<0.05) against Newcastle disease compared to those that did not receive 

the extract (Table 2).  

 

Table 1: Productive development of chickens supplemented with aqueous extracts of L. 

tridentata 

 L. tridentata extract, mg/kg  

 0 5 10 15 20 25 SEM 

Initial weight, g 
  42.02   42.14   42.04   42.08   41.96   41.78 1.14 

Final weight, g 675.0b 732.6a 748.4a 786.4a 703.0b 726.8a 32.52 

Total weight gain, g 633.0b 690.5a 706.3a 744.3a 661.0b 685.0a 47.82 

Daily weight gain, g  30.14b   32.88a  33.63a  35.45a  31.48b   32.62a 1.19 

Total consumption, g 1130.2a 1020.4a 966.0b 990.6b 1039.0a 1016.2a 66.24 

Feed conversion 1.78a 1.48a 1.37b 1.33b 1.57a 1.48a 0.12 

SEM= standard error of the mean.  
ab Means with different letters in the same row are significantly different (P<0.05).  
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Table 2: Lymphoid organ weights and  

Newcastle antibody titers (NAT) in chickens supplemented with L. tridentata 

 Extracto L. tridentata, mg/kg   

 0 5 10 15 20 25 EEM 

Thymus, g 
1.37 1.30 1.31 1.37 1.39 1.36 0.174 

Spleen, g 0.27 0.31 0.26 0.27 0.26 0.28 0.051 

Fabricius’ bag, g  1.49 1.49 1.48 1.48 1.49 1.50 0.121 

NAT, Log10 1.91b 2.09b 2.30a 2.62a 2.26a 2.24a 0.34 

SEM= standard error of the mean.  
ab Means with different letters in the same row are significantly different (P<0.05).  

 

Unlike the present study, which deals with the extract of chaparral leaves only, a previous 

research evaluated a 20 mg/kg dose of an aqueous whole-plant extract of chaparral leaves 

and stems in broiler chicks and also showed significant improvements in daily and total 

weight gain, a decrease in crop, gizzard, and liver weights, and a reduction in liver 

enzymes(17), concluding that chaparral contains secondary metabolites with antioxidant 

activity in cell cultures(18), as well as antiparasitic(19) and antimicrobial activity against 

Salmonella isolated from poultry facilities(20), so that this plant functions adequately, without 

side effects, as an alternative growth promoter for poultry.  According to the present study, 

the 20 mg dose, unlike the 25 mg one, reduced weight gain although the feed intake remained 

the same. The previous research had reported that the 20 mg dose induced a feed intake 

reduction and concluded that a high dose produced an undesirable effect in terms of low 

palatability or subacute toxicity(17); however, this was not confirmed by the results of the 

present work.  

 

Reports related to these bioactive compounds in the immune response are more limited. In a 

study with mint, echinacea, thyme, and propolis on the performance, immune response, and 

hematological indices of broilers, they found higher productivity, leukocyte profile, and 

immune response due to the effect of the mixture, rather than individually, of the various 

bioactive compounds contained in these plants and in propolis(20). There is a natural immune 

response that generates leukotriene A4, which is mediated by lipoxygenases (LOX), 

leukotrienes that belong to the arachidonic acid cycle, which are responsible for regulating 

inflammation and immune response against infections and tissue injury. 

Nordihydroguaiaretic acid (NDGA), also known as masoprocol, is a phenolic lignan 

extracted mainly from plants of the genus Larrea. NDGA has an affinity to regulate the 

effects of lipoxygenases, acting as an antioxidant to inhibit the presence of iron that allows 

the unwanted effects of LOX, whereby it reduces harmful arachidonic acid-derived 

metabolites(21).  
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In this study, the extract did not affect the white blood cell count, possibly because only one 

extract was used, unlike other studies where several plants were utilized to synergistically 

stimulate the immune system function in humans and poultry(20,22). However, L. tridentata 

extract enhanced antibody titers to the ND vaccine, indicating that a better 

immunomodulatory response was induced. Quantification of immunoglobulin IgA titers in 

chickens would have helped assess this immune response to Newcastle disease 

vaccination(23). The pathogenesis of most viral infections, including the Newcastle virus, 

involves apoptosis due to virus proliferation in infected cells as well as cellular injury in 

infected and uninfected cells due to reactive oxygen species (ROS) produced by neutrophils 

and macrophages infiltrating infected organs(24). NDGA from L. tridentata shown in virus-

infected chorion cells not only efficiently inhibited virus proliferation but also had a potent 

effect as an antioxidant. The importance of not affecting the weight of the thymus, spleen, 

and Fabricius’ bag lies in the fact that the Newcastle disease causes atrophy and severe 

destruction in these lymphoid organs, inducing immunosuppression, so the chaparral extract 

may induce a preventive action by enhancing the immune response and inhibiting viral 

replication in chickens(25,26).  

 

 

Conclusions and implications 
 

 

From the results of the present study, it can be concluded that the aqueous extract of chaparral 

at a dose of 15 mg/kg of feed improves the performance and immune response of broiler 

chicks against Newcastle disease. In general, the secondary compounds contained in 

chaparral leaves may improve the animals’ health and productive performance; nevertheless, 

further knowledge regarding the diversity and concentration of the active components 

benefitting them is required. 
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