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Simple Summary: The study was carried out to evaluate the effects of a leaf powder mixture (LPM;
6g/kg feed) of Olea europea, Laurus nobilis, and Rosmarinus officinalis (1:1:1), on performance and egg
quality, the oxidative state and biochemical, immune, and intestinal morphophysiological parame-
ters of laying hens. LPM improved the oxidative status, the immune system, total protein, total and
HDL cholesterol, liver functionality (AST, ALP, and ALT), caecum SCFA content, and villi height
and crypt depth in both duodenum and ileum. The findings provide novel insights into the dietary
use of a combination of olive, laurel, and rosemary leaf powders in laying hens.

Abstract: This study aimed to evaluate the effects of a mixture of olive, laurel and rosemary leaf
powders, on performance and egg quality, the oxidative state and biochemical, immune, and intes-
tinal morphophysiological parameters of laying hens. One hundred Lohaman Brown hens (28
weeks old) were equally assigned to two groups (n. 50) corresponding to a basal control diet (CON)
or the diet supplemented with 6g/kg feed of leaf powder mixture (LPM) containing olive, laurel and
rosemary leaves (1:1:1), for 8 weeks. Egg traits, oxidative status, biochemical indices, immune re-
sponse, cecal short chain fatty acids (SCFAs) and intestinal morphological characteristics were eval-
uated at the end of the experiment. The results indicated that body weight and egg quality param-
eters were not influenced by LPM. However, LPM improved (P<0.01) the oxidative status and the
immune system, total protein (P<0.05) and HDL cholesterol (P<0.01) and decreased total cholesterol
(P<0.01) and LDL cholesterol (P<0.05), as compared to the CON. Aspartate amino transferase (AST),
alkaline phosphatase (ALP) and alanine amino transpherase were significantly better in the LPM
than in the CON group. A significant increase (P’<0.05) of SCFA content established in the caecum
and in villi height and crypt depth in both duodenum and ileum LPM treated hens was observed.
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1. Introduction

Phytochemicals and plants rich in nutrients and bioactive substances play a pivotal role in the
health and productive performance of poultry [1,2]. Their use is gaining interest in the livestock in-
dustry due to their safety and less hazardous properties compared to all feed additives [3]. Natural
plants get a lot of attention as they are cheap and contain wide varieties of bioactive compounds with
anti-oxidative, anti-inflammatory, anti-microbial, and antiparasitic effects in poultry [2,4,5]. In
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addition, their use constitutes an emerging innovative food processing technique to promote a sus-
tainable food industry [6].

Among natural products, polyphenols have raised increasing interest in poultry nutrition [7] as
promoters of growth performance [8] and egg quality [9].

Polyphenol compounds are among the most extensive layers produced by plants, as around
8,000 of these compounds have been identified [10]. Polyphenols are present in several parts of the
plant, including the leaves, flowers, seeds, and fruits [11]. Phytogenic feed supplements, such as
spices, intact herbs, and their extracts, have beneficial effects on the health and performance of ani-
mals, due to their secondary metabolite content, including polyphenols [7]. The beneficial impact of
polyphenols in poultry nutrition [9,12] includes improving antioxidant status and intestinal health,
which can promote increased production [13,14]. Phytochemicals, including aromatic plants and
plant extracts, may improve feed intake, gastric secretion, and histological morphometry of the small
intestine in poultry [15-17]. Thus, the supplementation of poultry diets with leaves, spices, and intact
herbs or their extracts, can constitute a simple, suitable strategy to improve animal health and pro-
ductive performance and to introduce natural antioxidants into the products improving oxidative
stability and shelf life.

Olive leaves constitute one of the many waste by-products obtained during the harvesting of the
olives, the pruning of olive trees (25 kg per olive tree), and the cleaning procedures before the extrac-
tion of the olive 0il (10% of the total weight of collected material) [18]. Peculiar molecular and biolog-
ical characteristics are attributed to olive leaves [19,20], such as antioxidant [21] and anti-inflamma-
tory [22] properties, the inhibition of low-density lipoprotein receptors [23], and the inhibition of
microbial disorders [24], deriving from the action of phytochemicals present in olive leaves, in par-
ticular polyphenols [19,25]. Olive leaves contain more than 30 phenolic compounds classified as phe-
nolic acids, phenolic alcohols, flavonoids, secoiridoid, and lignans. The main family of compounds is
made up of secoiridoids and oleuropein is the most abundant bioactive compound in the leaves
[26,27], constituting 6-9% of dry olive leaves [28]. Flavonoids are present in significant quantities in
leaves while simple phenols (such as hydroxytyrosol and tyrosol) and phenolic acids are less repre-
sentative but contribute considerably to the overall antioxidant power of the leaves [19]. The potential
of olive leaf polyphenols to reduce oxidative stress and to influence the health of farm animals has
not been extensively studied. In poultry, olive leaf dietary supplementation positively affects body
weight in broilers [29] and hens [30], as well as the blood profile and oxidative status in Japanese
quails treated with olive leaf extract [31].

Laurus nobilis L., an aromatic and medicinal plant, belongs to the Laureacea family. It is wide-
spread in Mediterranean countries and is cultivated in other temperate and warm parts of the world
[32]. Laurus is characterized by a high content of proteins, organic acids, a favorable PUFA/SFA and
n-6/n-3 ratio, and antioxidant activity [33]. Conforti et al. (2006) [32] showed that the amounts of
phenolics in Laurus leaves were 210 and 219 mg/g for wild and cultivated plant extracts, respectively.
Regarding antioxidant activity, such as scavenging activity, reducing power and lipid peroxidation
inhibition [33,35], abundant phenolic compounds were found in laurel leaves [36,37]. The hydroxyl
groups attached to the ring structure of flavonoids conferred them with antioxidant properties, acting
as reducing agents, hydrogen donators, metal chelators and radical scavengers, preventing oxidative
stress [35].

The bioactive components in laurel leaves have been shown to decrease serum total cholesterol
and LDL cholesterol content and to increase HDL cholesterol levels [38,39]. The leaf essential oil con-
tains predominantly oxygenated monoterpenoids (66.2%) [40]. It includes 1.8-cineol (over 50%), eu-
genol, acetyl and methyl eugenol, a-and -pinene, phellandrene, linalool, geraniol and terpineol,
camphene, sabinene and limonene [41]. Laurel leaves and extracts have also been reported to have
anti-inflammatory and antibacterial properties [42,43].

Among the natural antioxidant additives in poultry diets, much attention has been directed to
herbs and spices [1,4]. Rosemary (Rosmarinus officinalis L.), an herb of the Labiatae family, is a spice
obtained by drying the leaves and flowers of the plant. The many biological activities attributed to
rosemary [44] are mostly represented by flavonoids (genkwanin, cirsimaritin and homoplantaginin),
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phenolic diterpenes (carnosic acid, carnosol, and rosmanol), and triterpenes (ursolic acid) [45]; while
the most bioactive components are represented by volatile oils that include 1.8 cineol, a-pinene and
camphor [46].

The European Food Safety Authority has proposed rosemary extracts as feed additives [47] in
the antioxidants class [48]. Rosemary is considered a plant with high antioxidant activity via the erad-
ication of free radicals, the constitution of chelates with metal ions and prevention or reduction of
oxidation [49]. In particular, carnosic acid is the most active antioxidant present in rosemary powder
or extract [50]. Carnosic acid and carnosol account for over 90% of rosemary antioxidant activity [51].
Both compounds reduce membrane damage, inhibit lipid peroxidation, and lower DNA damage [52].
Shan et al. (2005) [53] found similar antioxidant activity for rosemary and laurel while de Falco et al.
(2022) [54] reported that the radical scavenging activity of Rosmarinus officinalis is two times higher
than that of L. nobilis. In terms of different pharmacological activities, rosemary has also been consid-
ered an anti-inflammatory, immunomodulatory, and antimicrobial agent [55-57].

Rosemary supplementation can decrease blood cholesterol and improve blood pressure and
stomach function in rats [58,59]. It has also been reported that dietary rosemary supplementation
increases nutrient uptake and appetite, saliva secretion, the synthesis and digestion of bile acids, and
the absorption of lipids in poultry [60] and, ultimately, it enhances growth [61]. Moreover, Ala-
gawany and Abd El-Hack (2015) [62] showed that dietary supplementation of rosemary powder was
able to improve egg production and blood parameters in laying hens.

Gut health can be considered synonymous with animal health and is of crucial importance for
animal performance [63]. Gut health depends on the maintenance of the delicate balance between the
host, intestinal microbiota, intestinal morphology, and dietary compounds. Dietary polyphenols af-
fect intestinal microflora and gut morphology, nutrient digestibility, and poultry performance [64].

It has been suggested that the use of more antioxidants with multifunctional properties in the
diet can provide better protection with respect to mono antioxidant compounds [65]. A mixture of
antioxidant sources performed better than individual antioxidants in pork [66] and dairy cows [67].
A significant improvement in body weight gain and feed efficiency were observed when broilers
were given diets supplemented with a mixture of 14 herbs [68].

The dietary effects of leaves of the three plants, Olea europaea L., Laurel nobilis L., and Rosmarinus
officinalis L. have been studied individually, revealing good results as nutraceutical supplements in
animals. However, there is little evidence about their use as mixed supplementation and/or inclusion
as a powder in the diet of laying hens.

In this study, we hypothesized that a powder supplement of a mixture of olive, laurel and rose-
mary leaves, due to their positive evidence, could reduce oxidative stress, improving intestinal health
and the metabolic profile, leading to better performance among laying hens. Therefore, in this study
we set out to evaluate the effect of dietary supplementation with a powder mixture of olive, laurel,
and rosemary leaves on performance and egg quality, biochemical blood profile and oxidative status,
caecal compound characteristics, and intestinal morphology in laying hens.

2. Material and Methods

The experimental protocol of the study and implemented animal care procedures were ap-
proved by the Institutional ethics committee of the Department of Emergencies and Organ Trans-
plantation of the University of Bari (Prot n. 04/2020).

2.1. Plant material collection

The olive, rosemary, and laurel leaves were harvested during the spring on private farms with
organic farming practices in the agricultural area of Bari. The collected leaves were then properly
dried and ground to pass a 2mm screen. The single plant leaves were evaluated for proximate com-
position [69], and total phenol content [70] using the Folin-Ciocalteau reagent (Merck- Darmstadt,
Germany) (Table 1).
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Table 1. Chemical composition and phenol content of olive, laurel, and rosemary leaves (% DM; X +

SD).

Olive Laurel Rosemary
Dry matter (%) 60.57 + 0.95 30.76 + 0.83 31.91+0.80
Crude protein 9.66 +0.61 5.13+0.31 6.40 = 0.02
Ether extract 2.34+0.51 1.42+0.71 12.85+0.15
Ash 7.15+0.36 3.75+0.34 7.24+0.93
Crude fiber 24.09+1.25 12.67 + 0.60 26.20+1.80
Neutral detergent fiber 46.12 £1.58 23.85+3.93 4534 +1.01
Acid detergent fiber 28.52 +0.87 14.69 + 0.69 33.17 £ 0.69
Acid detergent lignin 19.46 £ 0.81 9.63+1.94 22.23+0.53
Acid insoluble ash 0.20+0.02 0.11+0.09 0.35+0.05

Total phenols (mg
GAE/g DM) 6.10+0.80 3.90+1.12 510+1.11

Total phenol contents were determined as milligrams of gallic acid equivalents (GAE) per gram of dry weight.

2.2. Animal, Diets, and Experimental Design

The trial was performed in a private farm located in Apulia, South Italy (latitude 41 04'N, 17
05'E, 5 m s..m.). The trial was conducted in autumn and lasted 60 days on a total of one hundred
Lohman Brown laying hens, 28 weeks old with an initial body weight of 2140 + 140g. All hens were
vaccinated according to the vaccination schedule required by commercial systems. The experimental
period extended from 28 to 36 weeks of age.

The hens were assigned on the basis of their weight to two equal groups corresponding to the
dietary treatments. The dietary treatments included a commercial basal diet, the control (CON), and
the basal diet supplemented with 6g/kg feed of the experimental leaf powder mixture (LPM), which
contained 2g/kg olives leaves + 2g/kg laurel leaves + 2g/kg rosemary leaves. The feed for laying hens
was prepared according to the nutritional requirements reported by [71] and the nutrition levels were
shown in Table 2.

Table 2. Composition of the control diet (%).

Ingredients
Corn meal 57.60
Soybean meal (46% CP) 22.00
Sunflower flour (36% CP) 6.00
Limestone granular 6.00
Limestone 3.30
Soyabean oil 2.50
Bicalcium phosphate 1.50
Vitamin and mineral premix! 0.50
Sodium chloride 0.20
Sodium bicarbonate 0.15
Methionine (MHA)?2 0.14
Lisine 0.09
Magnesium oxide 0.02
Metabolizable energy (kcal/kg) 2,700
Crude protein (%) 17.80
Calcium (%) 4.10
Phosphorus (available, %) 0.45
Methionine (%) 0.31
Lisine 0.74

Arginine 0.70
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Threonine 0.37
Leucine 0.74
Isoleucine 0.43
Valine 0.46
Histidine 0.25
Phenylalanine 0.48
Tryptophan 0.13

ISupplied per kilogram of diet: vitamin A, 10,000 IU; vitamin Ds, 3,000 IU; biotin, 0.08 mg; choline chloride,
350.00 mg; folic acid, 0.80 mg; niacin, 29.50 mg; vitamin B1, 1.96 mg; vitamin Biz, 0.02 mg; vitamin Bz, 4.00 mg;
vitamin Be, 3.96 mg; vitamin E, 25.00 mg; vitamin K3, 1.79 mg; enzymes: endo-1,4-betaglucanasi; endo-1,4-betaxi-
lanasi; 3-fitasi; iron, 48.00 mg; iodine, 1.02 mg; manganese, 80.60 mg; calcium D-pantothenate, 8.91 mg; selenium,
0.15 mg; zinc, 79.2 mg; copper, 12.50 mg.

’methionine hydroxy analogue.

2.3. Animal housing

The hens were reared using an indoor-outdoor rearing system with two pens (4 m?/hen), one for
each experimental group, separated by a 2 m high net, to prevent their mixing.

Each enclosure contained a poultry house at a low density (6 hens/m2) with nests (1/6 hens) and
perches, allowing the hens free access to the outdoor enclosure (outside option from 08:00 h to 18:00).
Feed and water were offered ad libitum. A photoperiod of 16h light and 8h dark was maintained
with artificial light.

2.4. Recorded egg quality

All hens were weighed at the beginning and at the end of the experiment. At the end of the
experiment (36th week), a total of 30 eggs from each experimental group were randomly collected
over 3 days for the analysis of egg quality.

The collected eggs were weighed individually using an electronic balance (0.1 g sensitivity).
When broken, the egg contents were split up using an egg separator and were curled on wet paper
to remove the white albumen; subsequently, the egg white, yolk, and shell were weighed using an
electronic balance (0.1 g sensitivity). Eggshell thickness was measured from the middle part of the
egg using a micrometer (25M-5, Ames).

The egg yolk coloration was measured visually according to the RYCF (Roche Yolk Colour Fan;
Hoffmann-La Roche Ltd., Basel, Switzerland), based on a scale of colors from 1 (light pale) to 15 (dark
orange).

The following egg quality indexes were calculated:

Yolk ratio = yolk weight (g)/egg weight (g)x100;

Albumen ratio = albumen weight (g)/egg weight (g)x 100;

Thickness shell ratio = shell weight (g)/egg weight (g)x100

2.5. Blood sampling and analyses

At the end of the experimental period, approximately 2 mL of blood samples were taken from
the brachial vein of 30 hens, randomly chosen from each experimental group, and were collected in
plastic vacuum tubes (BD Vacutainer Advance, Becton Dickinson, NJ, USA).

The blood samples were centrifuged at 3000 rpm (1814g) for 15 min and the serum aliquots were
stored at —20°C until the analysis of biochemical, immunological, and antioxidant parameters.

Blood biochemical characteristics were determined using an automated biochemical analyzer
(TC-220 TECOM, Jiangxi, China) using commercial kits according to the colorimetric method. The
concentration of total protein (TP, monitored at 540 nm), triglicerides (TG, monitored at 505 nm), total
cholesterol (TC, monitored at 505 nm), high-density lipoprotein-cholesterol (HDL-C, monitored at
570 nm), low-density lipoprotein (LDL), alkaline phosphatase (ALP, monitored at 405 nm), total
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bilirubin (monitored at 555 nm) and aspartate aminotransferase (AST) were estimated using diagnos-
tic kits produced by SPINREACT (Sant Esteve de Bas, Girona, Spain). Non esterified fatty acids
(NEFA, monitored at 550 nm) were determined in fresh serum immediately after the blood sampling,
using a commercial kit produced by Randoz Laboratories Ltd. (Crumlin, County Antrim, UK). Ala-
nine aminotransferase (ALT) was determined (at 340 nm) using a commercial kit produced by PRO-
EKO (Petacciato, Campobasso, Italy).

2.6. Determination of cytokines

The level of inflammatory cytokines IL-13, TNFa, and IL-6 were measured with corresponding
assay kits provided by Immunological Sciences (Rome, Italy) following the manufacturer’s instruc-
tions, using Microplate reader TECAN infinite M1000Pro plate reader (Tecan, Mannedorf, Switzer-
land).

2.7. Determination of oxidative status

The serum oxidant/antioxidant markers were assessed spectrophotometrically. Total oxidative
status (TOS) was measured according to Erel (2004) [72]; results were given as micromolar H20:
equivalent/L. Measurements of total antioxidant status (TAS) were done according to Erel (2005) [73];
Trolox equivalent/L units were used. ROM values were determined spectrophotometrically (wave-
length 505 nm), using a commercial kit (Diacron, Grosseto, Italy), according to the manufacturer’s
instruction. Results were expressed in Carr units (1 U/Carr corresponds to 0.024 mmol/L of H20z).

2.8. Intestinal Tissue Sampling and Analyses

At the end of the experiment, a total of 8 animals from each experimental group were slaugh-
tered. The intestinal tract was removed for SCFA analyses and histologic measurements.

2.8.1. Short Chain Fatty Acid (SCFA) Analyses

The contents of the caecum of 8 animals were squeezed out by finger pressure, collected in Ep-
pendorf tubes, and stored at ~20°C until analyzing the short-chain fatty acids (SCFAs).

The SCFA concentrations were determined by gas chromatography. The method reported by
Lashkari et al. (2014) [74] was used, and slightly modified. Briefly, samples were blended with deion-
ized water for 15min. The homogenate was filtered through filter paper (Whatman grade 1; Sigma
Aldrich, Darmstadt, Germany); the filtrate (5 mL) had meta-phosphoric acid (25%, wt/vol; 1 mL)
added. After shaking (10 min), volatile fatty acids were extracted with toluene and quantified by
flame ionization detection gas chromatography using the Agilent 6890A GC system equipped with
an FID detector (Agilent 7890A GC, Agilent Technology Italia Spa, Roma, Italia) and capillary column
(SACtm-5 column 300 cm x 0.25 mm, Supelco, USA). Fatty acids were identified and quantified on
the basis of standard elution times (Volatile Free Acid Mix Supelco, Bellefonte, PA, USA).

2.9. Histological Morphometry

2.9.1. Sampling and tissue preparation

Segments of approximately 3 cm were collected from the duodenum and ileum of 6 animals and
fixed in 4% (v/v) phosphate-buffered-saline paraformaldehyde for 24 h at 4°C. After dehydration
through a graded series of ethanol, the samples were embedded in paraffin wax. Serial sections (5pm
thick) were cut and, after being de-waxed with xylene and hydrated in an ethanol series of descend-
ing concentrations, they were stained with Haematoxylin-eosin for morphological and morphometric
studies.

d0i:10.20944/preprints202305.0939.v1
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2.9.2. Morphometry analysis

Hematoxylin-eosin-stained sections of 10 well-oriented villi and crypts of the duodenum and
ileum from each animal were photographed with a 4 x lens using a light microscope (Eclipse Ni-U;
Nikon, Japan) and used to measure the villus height (VH) and crypt depth (CD). Then, the ratio of
the villus height to crypt depth (VH:CD) was calculated.

2.10. Statistical analysis

Data collected from biochemical, immunological and antioxidant assays, the body weight of the
animals and egg quality parameters were analyzed using statistical software (SPSS software for Win-
dows, release 23.0., Inc., Chicago, IL, USA). The difference between the means of the experimental
groups was calculated using a one-way analysis of variance (ANOVA). Differences were considered
statistically significant at P<0.05. Data on morphometric measurements were evaluated for statistical
significance by Student’s t-test. P values were two-tailed and a P value <0.05 was significant. The
values were expressed as mean + standard deviation (S.D.).

3. Results and Discussion

3.1. Egg quality
The effect of olive, rosemary, and laurel leaf powder mixture on selected egg quality traits of

laying hens during the last days of the experimentation are reported in Table 3.

Table 3. Effect of dietary leaf powder mixture (LPM) supplementation on egg characteristics (n = 30)
in laying hens at the end of the experiment.

Dietary treatment SEM P-value
CON LPM

Egg weight, g 60.64 61.03 0.53 0.722
Shell weight, g 7.73 7.79 0.09 0.783
Yolk weight, g 15.82 15.68 0.22 0.747
Albumen weight, g 35.60 35.56 0.41 0.960
Yolk ratio, % 26.15 25.67 0.30 0.440
Albumen ratio, % 58.67 58.26 0.38 0.591
Shell ratio, % 12.76 12.78 0.14 0.933
Yolk albumen ratio, % 44.75 44.21 0.66 0.690
Egg shell thickness, mm 0.43 0.40 0.025 0.602
Yolk color fan (1-15 scale)! 7.69 7.86 0.16 0.598

CON, control basal diet; LPM, diet supplemented with leaf powder mixture, 6 g/kg feed containing 2 g olive
leaves + 2 g laurel leaves + 2 g rosemary leaves.

SEM: standard error mean.
'1: pale yellow; 15: deep orange.

The dietary supplementation of leaf powder mixture did not affect (P>0.05) the final body weight
of the animals (2108 + 180 g vs. 2182 + 220 g, for the CON and LPM groups respectively). There were
no significant differences between groups (P>0.05) in egg weight, albumen weight, yolk weight, shell
weight, shell thickness, yolk color, yolk ratio, albumen ratio, and shell ratio.

To our knowledge, this research is the first study of the effects of dietary supplementation with
olive, rosemary, and laurel leaf mixtures in laying hens. Therefore, the discussion of our findings will
be made considering similar studies that investigated dietary supplementation with single leaves.
Similar results to this study have been reported in previous studies on egg quality traits related to
feed supplemented with only olive leaves, at 3% of the diet [30] or 5g/kg diet [75] in laying hens and

d0i:10.20944/preprints202305.0939.v1
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in Japanese quails (10-20 g/kg diet [76]). Ahmed et al. (2017) [77] reported that no outer and inner egg
quality traits were significantly affected by diet supplementation with different levels of oleuropein.
As for laurel leaves, their supplementation (2 or 4 g/kg feed) in quails had no effect on body weight,
feed intake, or external and internal egg quality traits [78]. Moreover, the addition of rosemary essen-
tial oil to the diet did not affect the performance of laying hens [79], and rosemary leaf powder sup-
plementation (5g/kg diet) did non alter egg quality characteristics [80]. In contrast, other studies
found beneficial effects of dietary supplementation with leaves or their extracts. The use of olive
leaves resulted in an improvement in yolk color [30], and olive leaf extract increased body weight in
broilers [81]. The addition of laurel leaves (3g/kg diet) resulted in weight gain in chicken broilers [82].
Feed supplementation with essential oils of rosemary (300 mg/kg diet) improved performance in lay-
ing hens [83].

The mode of action of phytochemical additives in the diet of poultry is not yet fully understood.
The effectiveness of phytochemical supplementation in diets is linked to certain active compounds,
at a well-defined dose, and the change in their concentration may be the cause of a non-response.
Ferdous et al. (2019) [84] reported that the efficacy of phytogenics can depend on numerous factors,
including composition, inclusion level in the feed, bird genetics, and feed composition. Lipinski et al.
(2017) [85] showed that in monogastric animals the dietary strategy does not always have the same
effect on body weight and productive performance. Depending on the specific phytochemical sup-
plemented in the diet, it may result in an improvement, deterioration or no change. In our study, one
reason for the nonpositive effect of the inclusion of mixed powder in some productive indicators
would be the uncontrolled use of mixed powder leaf supplements. Martinez et al. (2013) [86] indi-
cated that the secondary metabolite effect of plants depends on the concentration and relationship of
these compounds and their inclusion or supplementation in animal diets.

3.2. Histology of the Small Intestine

The intestinal mucosa consisted of villi, finger-like projections, and basal crypts (Figure 1A,B).
Villi were covered by a simple columnar epithelium in which goblet cells were scattered (Figure 1C).
The histological observations revealed a clear decrease in villi height from the duodenum to the ileum
(Fig. 1A, B) in both the CON and LPM fowls, as well as the absence of histological lesions.

Duodeu lleum

Figure 1. Representative histological view of the duodenum (A) and ileum (B) of the laying hens. C,
Detail of villus epithelium showing the goblet cells. cr, crypts; ct, connective tissue; m, muscularis; v,
villum; asterisk, goblet cell. Hematoxylin-Eosin staining. Scale bars: A =500 um; B, = 250 um; C = 20

pm.

Histology measurements of the intestine were performed to monitor the effects of the LPM on
villus height or crypt depth. The results of the morphometric analysis of the small intestine are dis-
played in Table 4.
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Table 4. Effect of the dietary leaf power mixture (LPM) supplementation on the intestinal morphology
of laying hens (n = 3) (x = SD).

Item CON LPM P-value
Duodenum
1046.57+199.55 1121.73+211.15 o0
Villus height (um) '
245.78+59.35 303.44+11.84 <0.001
Crypt depth (um)
Villus height: crypt depth 4.25+1.39 3.69+1.24 0.046
Ileum
. . 482.44+102.28 593.15+148.24 <0.001
Villus height (um)
148.24+30.58
201.05+77.2 <0.001
Crypt depth (um) 01.05¢77.25 0.00
3.25+1. 2.95+0.61
Villus height: crypt depth 5+1.09 5+0.6 0.145

CON, control basal diet; LPM, diet supplemented with leaf powder mixture, 6 g/kg feed containing 2 g olive
leaves + 2 g laurel leaves + 2 g rosemary leaves.

Leaf powder mixture supplementation induced a significant increase in the VH in the duode-
num (1046.57£199.55 um vs 1121.73+211.15 pm, P<0.05) and ileum (482.44+102.28 pm vs
593.15+148.24 um, P<0.001). Moreover, LPM supplementation significantly (P<0.001) increased the
CD of the duodenum (303.44+11.84 um vs 245.78+59.35 um) and the ileum (201.05+77.25 pm VS
148.24+30.58 pm). The treatment induced a decrease of VH:CD in the duodenum (3.69+1.24 vs
4.25+1.39, P<0.05) and in the ileum (2.95+0.61 vs 3.25+1.09, P=0.145).

The histomorphometric analysis revealed that a powder mixture of olive, rosemary, and laurel
leaves induces a significant increase in the VH of the duodenum and the ileum of laying hens. The
increase of intestinal VH is related to the enhancement of the absorptive surface area, due to a high
expression of brush border enzymes capable of greater digestion and absorption of available nutri-
ents [87]. Thus, the findings suggest that the administered LPM exerts some beneficial effects on the
absorptive capacity of the intestinal mucosa. The LPM supplementation produced a significant in-
crease in the CD of the duodenum and the ileum. This result justifies the VH increase because the
intestinal crypts consist of proliferating cell types that differentiate in villus epithelial cells (see [88]
for references).

It has been shown that an increase in the depth of crypts, which serve as a cellular source for
intestinal epithelium, is an indicator of cell renewal rate. However, some researchers believe that
deep crypts also reflect long villi [89,90], while others argue that increased CD shows faster cell turn-
over in response to inflammation or loss of epithelial cells [91]. Villus height and crypt depth repre-
sent an indirect indication of the maturity and functional capacity of enterocytes; the longer the villi
and crypts are, the greater number of enterocytes are present [92]. It is well known that crypt length-
ening is mediated by a spectrum of local, immune, and neuro-humoral factors, as well as by diet
composition [88,93,94]. It has been reported that CD is directly representative of the intestinal envi-
ronment and may be used as an indicator of intestinal health [95].
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Compared to the control group, the VH:CD ratio in LMP-supplemented laying hens decreased
in the duodenum and ileum. There are no studies on the histological effects of adding rosemary and
laurel to the diet on the avian intestine, whereas a few studies concerning the effect of adding olive
on the small intestine have been published. As in this study, an increase in CD and a lower VH:CD
ratio have been found in the duodenum and jejunum of broilers supplemented with olive pomace
[96]. This result was interpreted as a presumed increase in epithelial turnover. However, our findings
do not completely match the results obtained by Pirman et al. (2021) [16] in broilers fed with olive
leaf extract, because in that investigation no difference was detected in the VH:CD ratio of the duo-
denum, whereas a reduction of the VH:CD ratio was observed in the ileum. It has been suggested
that the variation in the results in different trials may depend on the composition of the phytogenic
feed additives, level of application or methods for extracting bioactive compounds from herbs [97].

3.3. Concentration of short chain fatty acids (SCFAs) in caecum contents

To describe whether the leaf powder mixture affected gut function, the concentrations of SCFAs
were determined (Table 5).

Most of the SCFA analyzed in the caecum chymus varied according to the diet of the laying hens.

The acetate concentration in the LPM group, accounting for the largest proportion of total
SCFAs, was significantly higher (P<0.05) than that in the CON group. Likewise, a higher concentra-
tion of propionic acid (P<0.05), butyric acid (P<0.05) and isobutyric acid (P<0.01) were found in the
LPM group compared to the CON group. No significant differences in the levels of isocaproic and
heptanoic acids were observed in the caecal contents between the LPM group and the CON group.

Table 5. Effect of dietary leaf powder mixture (LPM) supplementation on cecal concentration of short-
chain fatty acids (mg/g DM) in laying hens at the end of the experiment.

Dietary treatment SEM P value
CON LPM
Animals, n. 8 8
Acetic acid 20.71 28.11 1.34 0.022
Propionic acid 4.79 10.85 0.62 0.046
Isobutyric acid 0.83 2.40 0.15 <0.001
Butyric acid 0.54 1.40 0.08 0.048
Isocaproic acid 1.29 1.66 0.23 0.304
Eptanoic acid 2.26 2.35 0.31 0.867

CON, control basal diet; LPM, diet supplemented with leaf powder mixture, 6 g/kg feed containing 2 g olive
leaves + 2 g laurel leaves + 2 g rosemary leaves. SEM: standard error mean.

In this study, the acetate production was the highest, followed by propionate and butyrate which
showed the lowest cumulative production, in agreement with other researchers [98,99]. The butyrate
concentration was lower compared to propionate, in contrast to other studies [95,100]. Isobutyric acid
was significantly higher (P<0.01) in the LPM group than in the CON group. It belongs to branched
short-chain fatty acids that are mainly produced during the fermentation of branched-chain amino
acids (valine, leucine, and isoleucine) by the intestinal microbiota, mainly by genera Bacteroides and
Clostridium [101]. It has been observed that Bacteroides fragilis in an environment with slowly ferment-
able carbon sources can shift its metabolism towards protein fermentation [102].

In the biosynthesis of SCFAs from dietary fiber and carbohydrate fermentation, different mech-
anisms are involved: acetate via the Wood-Ljungdahl pathway or acetyl-CoA; two molecules of ace-
tyl-CoA for butyrate production; from the acrylate, succinate, and propanediol pathways for propi-
onate [103]. The production of propionate [104] and acetate seems to be associated with the increased
presence of Bacteroides spp. while butyrate is produced mainly by the Firmicutes phylum [105].
Bifidobacterium and Lactobacillus produce acetic and lactic acid in large quantities. Firmicutes species


https://doi.org/10.20944/preprints202305.0939.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 May 2023 d0i:10.20944/preprints202305.0939.v1

decompose polysaccharides and produce butyrate, and Bacteroidetes species degrade complex carbo-
hydrates and mainly synthesize propionate [106,107]. Furthermore, it should be noted that cross-
metabolism between microorganisms also greatly affects the final balance of intestinal SCFAs [102].
The formation of butyrate from acetate or lactate is considerably lower than the conversion of butyr-
ate into propionate and is very scarce between propionate and acetate [108].

SCFAs influence intestine functionality. SCFAs are an important source of energy for entero-
cytes: up to 50% of their daily requirement [109,110]. SCFAs represent the main luminal anions; their
increase reduces the pH to about 4.8. Acetic acid suppresses intestinal apoptosis and promotes mucin
production [111]. The three main SCFAs affect intestinal epithelial cell function, promoting intracel-
lular permeability by modifying the expression or distribution of the tight junction and zonulin [112].
Acetate activates the nucleotide-binding oligomerization domain 3 (NLRP3) inflammasome [113] and
promotes intestinal barrier integrity [114]. Butyrate improves the balance of the gut microbiota [115],
enhances intestinal barrier function [116], and increases mucin activity via MUC2 gene expression
[117]. The protective effects of propionate are also evident in the intestinal barrier [118]. The short-
chain fatty acids derived from the intestine are assimilated in the metabolism of host carbohydrates
and lipids [108]. SCFAs that are not metabolized in the gut enter the portal circulation. When they
arrive in the liver, SCFAs become substrates for the energy production of hepatocytes via oxidation
[119]; propionate can become a substrate for gluconeogenesis [120]. Acetate is also used for the syn-
thesis of fatty acids and cholesterol [121].

SCFAs are among the most important products of microbial fermentation in the gut [122,123]
and their concentrations in the caecum may vary according to the dominant microbiota [98]. The
caecum is the main site for microbial fermentation, where undigested carbohydrates are transformed
into short-chain fatty acids [123].

The caecum is considered the fundamental part of the distal intestine, due to the highest concen-
tration of intestinal microorganisms that affect health and performance [124]. The microbial commu-
nity plays its role in digesting complex nutrients and protecting poultry from pathogenic colonization
via a process of competitive exclusion [125]. In this study, the LPM may have had beneficial effects
at the microbiota level.

The microbial composition can be modulated by polyphenol content in leaves, plants, and their
extracts. The control mechanisms of the microbial community via plant extracts and dietary supple-
ments (polyphenols, herbs, spices) are not well defined. Their action is supposed to take place
through antimicrobial activity against pathogens [126] or by improving the metabolic function of
microbes, such as protein and amino acid metabolism and lipid biosynthesis [127]. Rosemary extract
is rich in carnosic acid, is able to modulate the microbiota of the caecum and the fecal excretion of
SCFAs [128], and reduces the Firmicutes/Bacteroides ratio [129]. The major constituent of laurel leaf,
1,8 cineol, is responsible for its antibacterial activity [130]. It has been reported that olive leaf extract
significantly stimulates the abundance of beneficial Lactobacillus and Bifidobacterium spp. as well as
reducing the abundance of Escherichia coli in the caecum [131,132]. E. coli is commonly referred to as
colibacillosis. It has been hypothesized that the inhibition of the growth of E. coli is attributable to the
ability of polyphenols to bind to cell membranes and to disturb their function by altering the perme-
ability and the driving force of the proton through the loss of H+ -ATPasis and functions related to
the membrane [133,134].

The positive effect of phenols on bacterial growth, such as the beneficial Lactobacillus and
Bifidobacterium spp., is due to their allowing these phenols to be used as substrates. Lactobacilli can
metabolize polyphenols in the growth process, and polyphenols in turn provide energy to cells.
Moreover, polyphenols can intensify the consumption of nutrients, such as carbohydrates [135].

The bacterial population includes the beneficial bacteria Lactobacillus spp. and Bifidobacteria spp.;
Salmonella spp. and Campylobacter spp., which are pathogenic to humans; and Escherichia coli and Clos-
tridium [124,136], which are pathogenic to poultry.

The mechanism by which the intestinal microflora may reduce Enterobacteriaceae (including Sal-
monella) is the bacteriostatic effect of SCFAs in the caecum [137]. Beneficial Lactobacillus spp. is known
for the secretion of lactic acid, which lowers intestinal pH and inhibits pathogenic growth [138].
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Butyrate and propionate have inhibitory effects on Salmonella, which frequently infects poultry
farms [139,140]. Sun and O’Riordan (2013) [141] reported that SCFAs at high concentrations disrupt
metabolic reactions in bacteria when small, non-ionized acids cross bacterial membranes and disso-
ciate into protons and anions in the cytoplasm. The protons lead to the acidification of intracellular
compartments, disturbing metabolic reactions, and anions disrupt osmotic balance. In addition, small
peptides or proteins secreted by beneficial bacteria kill bacteria by forming pores in the cell mem-
brane and disrupting enzymatic function.

3.4. Biochemical parameters

Blood represents the main index for evaluating the physiological, nutritional, and general patho-
logical status. Biochemical serum constituents showed significant differences between dietary treat-
ments (Table 6). The results indicated that dietary inclusion of 6g/kg feed of the LPM resulted in a
significant increase of serum total protein (P<0.05) and tended to increase the triglyceride levels
(P<0.10) compared to the control. Moreover, supplementation with the LPM significantly decreased
blood total cholesterol (P<0.05) and LDL cholesterol (P<0.01), while HDL cholesterol was significantly
higher (P<0.01) compared to the CON. Briefly, these results indicate that adding the LPM to the diet
can reduce the blood levels of cholesterol, triglycerides and LDL. There was no significant difference
(P>0.05) between the groups in the serum content of NEFA.

Table 6. Effect of dietary leaf powder mixture (LPM) supplementation on biochemical parameters in
laying hens at the end of the experiment.

Dietary treatment SEM P value
CON LPM
Animals, n. 30 30

Total protein, g/L 61.52 62.61 0.23 0.015
Tryglicerides, mg/dL 796.42 669.93 35.70 0.076
Total cholesterol, mg/dL 151.48 125.73 6.19 0.037
HDL cholesterol, mmol/L 20.61 24.36 0.63 0.002
LDL cholesterol, mg/dL 143.69 135.12 1.33 0.001
NEFA, mmol/L 1.39 1.31 0.04 0.331

CON, control basal diet; LPM, diet supplemented with leaf powder mixture, 6 g/kg feed containing 2 g olive
leaves + 2 g laurel leaves + 2 g rosemary leaves. HDL = high density lipoprotein; LDL = low density lipoprotein,
NEFA =not esterified fatty acids. SEM: standard error mean.

The higher values of blood proteins affected by the administration of the LPM may reflect the
improvement of digestibility and metabolism, as previously reported [142].

As regards the effects of dietary phytochemical natural additives, olive leaf supplementation
caused a decrease in blood cholesterol levels in Japanese quails [143] and in broiler chicks [81]. Ac-
cording to Talhaoui et al. (2015) [144], the triacetylated hydroxytyrosol and hydroxytyrosol content
of olive leaves has a hypolipidemic effect and lowers total serum cholesterol, triglycerides, and low-
density lipoprotein cholesterol (LDL-C), and their antioxidant activities prevent the lipid peroxida-
tion process. The oleuropein and hydroxytyrosol found in olive leaves are known to prevent LDL
oxidation and to inhibit 3-hydroxy-3-methyglutaryl coenzyme A, which plays an important role in
cholesterol synthesis in the liver [30]. Ahmed et al. (2017) [77] indicated that the hypocholesterolemic
action of phenolic compounds of olive leaves may be due to the inhibition of dietary cholesterol ab-
sorption in the intestine, or its production by the liver or stimulation of the biliary secretion of cho-
lesterol and cholesterol excretion in the feces. Elazab et al. (2022) [145] reported that a possible expla-
nation for the reduction of cholesterol and triglycerides is the stimulation of the conversion of cho-
lesterol into bile acids that are excreted from the body through enterohepatic circulation. Torki et al.
(2018) [146] reported that adding essential oils of rosemary to the diet of laying hens decreased the
serum concentration of triglyceride and serum cholesterol. Radwan et al. (2008) [147] showed that
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adding rosemary to the diet decreased total lipid, total cholesterol and LDL cholesterol in hens. Bo-
lukbasi et al. (2008) [148] reported that adding essential oils of rosemary reduced serum cholesterol
and triglyceride in laying hens. Chalabi et al. (2020) [149] reported a serum reduction of TC, TG, LDL,
and increased HDL in rats treated with ethanolic extract from laurel leaves. Ali and Al-Shuhaib (2021)
[82] observed that the addition of crushed laurel leaves (2-3 g/kg of feed) to the diet led to an increase
in the concentration of HDL and a decrease in TC, TG, LDL in broilers.

Torki et al. (2018) [146] suggest that the mechanism by which phytochemical additives can re-
duce cholesterol is by reducing lipid absorption in the intestine by binding bile acids, which results
in increasing lipid excretion and reducing blood lipid concentration. The reduction of serum choles-
terol can occur through a reduction in the denovo synthesis of cholesterol or by improving the excre-
tion of bile acids. The conversion of cholesterol to bile acids through the stimulation of the hepatic
activity of cholesterol-7-hydroxylase, is a key pathway for the removal of cholesterol from the body
[150]. Altogether, these effects would lead to a reduction in serum cholesterol concentrations. Ac-
cordingly, the current findings suggest that the foliar mixture (olive, rosemary, laurel) can improve
the lipid profile of laying hens.

The current study revealed that the addition of the LPM to the hens’ diet had no adverse effect
on egg yolk cholesterol content (9.63 vs 9.59 mg/g yolk; data not shown). These results indicate a non-
consecutive response to blood cholesterol levels and the cholesterol content of egg yolk and agree
with the findings of other authors [151,152]. Cholesterol deposition in the egg yolk can be affected by
nutrition [153,154], while different studies indicate negligible effects [7,155]. Furthermore, other stud-
ies showed that yolk cholesterol content appears constant; it cannot vary and is independent of die-
tary factors [156]. The yolk cholesterol level cannot be changed because it is required to ensure em-
bryo development [157]. The liver is the main site of cholesterol synthesis and accumulates choles-
terol from the blood when it synthesizes lipoproteins. Plasma LDL is the main carrier transporting
endogenous cholesterol. According to Griffin (1992) [158], yolk precursors are synthesized in the liver
of the laying hen and transported in the plasma to the ovary. Therefore, the cholesterol content of the
yolk is primarily dependent on the cholesterol content of triglyceride-rich lipoproteins. The inhibition
of cholesterol synthesis can reduce the rate of synthesis and secretion of lipoproteins by the liver but
has little effect on the composition of the lipoproteins that are secreted. Fennema (1993) [159] stated
that variations in total yolk lipid content are more influenced by bird genetic strain than a diet.

3.5. Oxidative status

The effect of the dietary LPM supplement on the oxidative status of hens is reported in Table 7.

Table 7. Effect of dietary leaf powder mixture (LPM) supplementation on oxidative status of laying
hens at the end of the experiment.

Dietary treatment SEM P value
CON LPM
Animals, n. 30 30
TOS, mmol H202Eq/L 23.06 17.97 0.67 0.002
TAS, Trolox Eq/L 393.78 469.71 24.74 0.11
ROMs, UCarr 39.29 28.07 1.74 0.001

CON, control basal diet; LPM, diet supplemented with leaf powder mixture, 6 g/kg feed containing 2 g olive
leaves + 2 g laurel leaves + 2 g rosemary leaves. ROMs = reactive oxigen metabolites; SEM: standard error mean;
TAS = total antioxidant status; TOS = total oxidative stress.

Serum levels of total oxidative stress (TOS) and ROMs were significantly lower (P<0.001) in the
hens treated with the LPM compared with the control. The LPM group also showed a higher total
antioxidant status (TAS) than the control (469.71 vs 393.78 umol TRX/L), but the differences were not
statistically significant (P>0.05).
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The independent evaluation of TOS or TAS may not accurately reflect the oxidative stress, due
to a dynamic balance between TOS and TAS (Wu et al., 2017). TOS represents the oxidizing state of
animal/patient and is usually estimated through direct measurement of relatively stable ROS family
members, such as hydrogen peroxide (H20z), peroxyl radicals, and DNA damage markers. The meas-
urement of only one of the oxidant or antioxidant parameters does not provide proper information
about the oxidative status. TOS and TAS contribute to the overall health status [160] and are indica-
tive of the physiological status of animals [161]. For this reason, in our study, TOS, TAS, and ROMs
were measured in serum samples for an overall evaluation of the physiological status of the animals.

One of the objectives of this study was to evaluate the effects of the LPM blend of olive, rosemary
and laurel on the oxidative state of the hens. The polyphenol content was highest in olive leaves,
followed by rosemary and laurel (Table 1), in accordance with the results of other research
[36,162,163]. It has been shown that most phenolic compounds possess antioxidant activity in vitro
and in vivo. Wenk (2002) [164] reported that the increase in performance associated with the supple-
mentation of poultry diets with plant-origin materials is mainly due to their polyphenolic contents.

In this study, the antioxidant activity of the LPM could be attributed to their polyphenol constit-
uents and mainly to oleuropein and its derivative hydroxytyrosol, for olive leaves [24,25], to 1.8 cin-
eole, for laurel leaves [32,165], and to the antioxidant properties of carnosol and carnosic acid, for
rosemary [51,166]. Most phenolic compounds in the olive leaves or olive leaf extract showed antiox-
idant activity in vitro [167] and in vivo [23]. This activity in the olive leaf extract manifests through its
standard one-electron reduction potential by either donating hydrogen or electrons or by breaking
the free radical chain reaction and by preventing the chelation of metal ions [168]. Turkez et al. (2012)
[169] reported that olive leaf extract showed beneficial influences against the genetic and oxidative
damage of permethrin by increasing TAS and reducing TOS in rats. Oleuropein supplementation
increased TAS and reduced TOS in quails subjected to heat stress [170].

In this study, LPM also led to numerically higher TAS serum levels in hens. Moreover, the lower
ROM serum levels observed in treated hens (Table 7) express the capability of the LPM to reduce free
radical production and oxidative stress and are associated with lower TOS levels. Falade et al. (2022)
[163] found that the ability of aqueous extracts of rosemary and laurel leaves to inhibit TBARs can
protect the brain from the damaging effect of free radicals [17]. The content of total antioxidant capa-
bility was significantly increased with rosemary or laurel leaf supplementation in lambs [172] and
rabbits [145].

On the other hand, mixed proportions of herbs and plants would influence the antioxidant prop-
erties [173] because the total antioxidant capacity is attributed to their additive and/or synergistic
effect [57], probably in line with the results obtained in this study. However, the underlying mecha-
nism of the action caused by the olive, rosemary, and laurel leaves is needed for future research.

3.6. Immunomodulatory effects

In our study, LPM supplementation decreased IL-6 and IL-1 (P<0.01) and TNF-a (P<0.05) con-
centrations compared to the CON (Table 8).

Table 8. Effect of dietary leaf powder mixture (LPM) supplementation on serum levels of TNF-a, IL-
1b and IL-6 in laying hens at the end of the experiment.

Dietary treatment SEM P value
CON LPM
Animals, n. 30 30
TNF-a, pg/mL 25.85 21.07 1.10 0.029
IL-1b, pg/mL 69.71 57.42 2.66 0.02
IL-6, pg/mL 21.61 15.95 1.16 0.013

CON, control basal diet; IL-1b = interleukine-1b; IL-6 = interleukine-6; LPM, diet supplemented with leaf powder
mixture, 6 g/kg feed containing 2 g olive leaves + 2 g laurel leaves + 2 g rosemary leaves; SEM: standard error
mean; TNF-a = tumor necrosis factor.
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The results suggested that the leaf powder blend (olive, rosemary, laurel) supplementation sup-
pressed systemic inflammation in hens.

Inflammation represents a common final pathway related to oxidative processes. The molecular
mechanisms of the interaction between oxidative stress and inflammation and their interaction with
cell death are unclear [174]. It has been suggested that oxidative stress increases apoptosis through
several signaling pathways activated by permeabilization of the mitochondrial membrane, which in-
duces activation of caspase-3 [175]. Antioxidant properties and the immunological effect of phyto-
chemical dietary additives merit a lot of attention because strong oxidation affects the health of laying
hens.

Adipokines are involved in the regulation of several physiological processes [176], including
control of oxidative stress [177]. Miliaraki et al. (2022) [178], in an oxidant/antioxidant pathway, re-
ported an expression of the cytokines TNF-a and IL-6 strongly correlated with an increase in the
TOS/TAC ratio. In agreement with our results, it seems that the leaf powder blend supplementation
in the laying hens’ diet was effective in enhancing the antioxidant ability and immune system of
birds.

Our results agree with those relating to the separate use of the individual plants in terms of the
effects on the immune system. Vezza et al. (2017) [179] showed that olive leaf extract decreased the
levels of inflammatory markers such as IL-1, TNF-a and iNOS in mice models of colitis and reduced
the production of proinflammatory mediators (IL-1, IL-6, and TNF-a) in intestinal mucosal samples
from Crohn’s disease patients. De Cicco et al. (2020) [180] revealed that olive leaf extract suppressed
the induction of pro-inflammatory mediators: tumor necrosis factor (TNF-a) and interleukin IL-6 and
IL-1B, promoting the shift of M1 macrophage toward less inflammatory M2-cells via the modulation
of the associated NF-kB and proliferator-activated receptor gamma (PPARYy) signaling pathways.
Kaneko et al. (2019) [181] reported that olive leaf extract has an inhibitory effect on NLRP3 inflam-
masome activation and pro-IL-1{3 protein expression, a multiprotein complex that plays a pivotal role
in regulating the innate immune system and inflammatory signaling. Lee et al. (2019) [182] noted that
1,8-cineole of laurel leaves reduced the expression of proinflammatory cytokines by suppressing
NLRP3 inflammasome activation. Farouk et al. (2022) [183] reported a significant increase in immu-
noglobulin G with a significant decline in IL-6 level in broilers treated with rosemary leaf powder (5
g/kg ration). Tsai et al. (2013) [184] reported that ethanolic rosemary extract treatment, in the progres-
sion of inflammation, significantly suppressed the secretion and mRNA expression of proinflamma-
tory cytokines, including IL-1(3 and TNF-a, due to diminished nuclear factor kappa-B (NF-«B) acti-
vation and Toll-like receptor (TLR2) mediated signaling pathways.

The blend of phytochemicals improves the immune system. Aroche et al. (2018) [185] indicate
that dietary inclusion of 0.50% of a mixed powder of plant leaves of Anacardium occidentale (60%),
Psidium guajava (20%), and Morinda citrifolia (20%) enhances the immune status of broiler chickens.

3.7. Liver enzymes

The effects of experimental treatments on liver enzymes are presented in Table 9.

In hens supplemented with the LPM, significant differences in the serum activity of ALT, AST
(P<0.01), and ALP (P<0.05) were observed compared to the control group. There were no significant
differences between groups in bilirubin levels.
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Table 9. Effect of dietary leaf powder mixture (LPM) supplementation on serum levels of total biliru-
bin and ALT, AST, and ALP in laying hens at the end of the experiment.

Dietary treatment SEM P value
CON LPM
Animals, n. 30 30
ALP, IU/L 275.71 261.98 2.92 0.017
AST, IU/L 186.27 176.10 1.22 <0.001
ALT, IU/L 17.16 16.18 0.11 <0.001
Bilirubin, mmol/L 0.99 1.03 0.30 0.299

ALP = alkaline phosphatase; ALT = alanine aminotransferase enzyme; AST = aspartate aminotransferase; CON,
control basal diet; LPM, diet supplemented with leaf powder mixture, 6 g/kg feed containing 2 g olive leaves +
2 g laurel leaves + 2 g rosemary leaves. SEM: standard error mean.

There is little information in the literature on the dietary effects of plant leaves and spices on
liver enzymes in animals. Measurement of the serum activities of AST, ALT, and ALP, indicative of
liver injury, is a valuable tool in determining a safe inclusion rate of non-conventional feed or feed
additives in birds [186]. The high activity of AST, ALP, and ALT in the blood is a bioindicator of liver
damage, and this is evidence of the existence of liver injury due to toxicity [187].

The results of this study indicate that a blend of leaf powder (olive, rosemary, and laurel) can
have a hepatoprotective effect in hens. This finding is compatible with many studies that explain the
significant decrease of AST, ALT, and ALP due to the free radical scavenging activity of antioxidant
phytochemicals in plant leaves or extracts. Khalil (2004) [188] reported on the hepatoprotective activ-
ity of an aqueous extract of olive leaves, with a significant decrease in the serum content of ALT, ALP,
and AST, attributed to their antioxidant properties, which can protect the liver from damage. Abdel-
Wahhab et al. (2011) [189] examined the chemoprotective effect of rosemary extract in Wistar albino
rats, improving all biochemical parameters and the liver’s histological picture. Al-Attar and Shawush
(2015) [190] showed that the extracts of olive and rosemary leaves possess hepatoprotective proper-
ties against liver cirrhosis induced by thioacetamide by inhibiting the physiological and histopatho-
logical alterations attributed to their antioxidant activities. Treatment with laurel leaf extract resulted
in a decrease in ALT, AST, and ALP in diabetic rats compared to the control [17,191]. Abdel-Azeem
et al. (2018) [192] reported that laurel leaf supplementation in rabbits’ diets showed a significant de-
crease in AST and ALT blood plasma.

Thus, the hepatoprotective activity of the foliar powder mixture recorded in this study may be
owing to the antioxidant properties of its natural components, present in olive and rosemary leaves,
their combination [190], and in laurel leaves [17,191]. Ultimately, the phytochemical additives of the
leaf powder mixture (olive, rosemary, and laurel) have beneficial effects on liver functions.

4. Conclusions

This is the first study on the dietary use of the mixture of olive, rosemary, and laurel leaves, and
the effects on performance, egg quality, blood biochemical, and gut morphophysiological parameters
in laying hens. In this study, neither body weight nor egg quality parameters were influenced by the
LPM supplementation. The results showed that the addition of 6g/kg feed of LPM (2g/kg olive +
2g/kg laurel + 2g/kg rosemary) to the diet improved antioxidant activity by decreasing serum TOS
and a tendential decrease of TAS and ROM levels.

The synergy among the LPM constituents also improved the immune system, by reducing the
production of pro-inflammatory cytokines: IL-6, TNF-a and IL-1f3. Likewise, adding the LPM to the
diet improved the lipid profile, reducing total cholesterol and LDL cholesterol and increasing HDL
cholesterol. Moreover, adding LPM to the diet showed an improvement in liver enzyme activity by
reducing the ALP, AST, and ALT serum levels.

The significant increase of SCFAs (acetic, propionic, butyric, and isobutyric, acids) established
in the caecum were found in the LPM-treated group.
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The results showed that LPM supplementation exerted synergistic effects on intestinal morphol-
ogy by promoting villi height, crypt depth and improving physiological activity in the intestinal tract
by increasing SCFA production.

Taken together, the results indicate that adding the LPM to the laying hens’ diet was effective in
enhancing the antioxidant ability and immune system of the birds, the serum lipid profile, and the
functionality of liver and the intestinal tract. This could be the key to increasing the health and integ-
rity of farm animals raised without antibiotics.

These findings provide new insights into the dietary use of a leaf powder combination of olive,
laurel and rosemary. However, the underlying mechanism of the action caused by the olive, rose-
mary, and laurel leaves is needed for future research to optimize their use in the diet of laying hens.
Due to the wide dissemination and low cost of these plants, this study is an attempt to promote a
sustainable avian food industry.
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