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This study was conducted to investigate the effects of Pinus pinaster extract 

(PPE) and encapsulated Pinus pinaster extract (EPPE) supplementation in 

normal and low protein broiler diets on performance, some blood and 

antioxidant parameters, and intestinal histomorphology. In the present study, 

PPE was covered with alginate in order to obtain EPPE. The present research 

was conducted during 41-days with 288 one-day-old male broiler chicks. 

Chicks were classified into two groups that had different protein levels, one of 

with normal, the other one with 10% low protein. Also, normal and low protein 

level groups were divided into one control and two trial groups. The amount 

of 100 mg/kg PPE was added to each trial group diet; and the same amount of 

EPPE was added to other trial group diets. Consequently, compared to PPE and 

EPPE groups with control, statistically significant differences were observed 

for body weight and body weight gain in terms of protein on 41-day results 

(P<0.05). For feed conversation ratio, better results were detected in PPE 

groups at 41 days (P<0.05). Besides that, statistically significant differences 

were found in breast meat thiobarbituric acid reactive substances (TBARS) 

values and intestinal histomorphology in PPE and EPPE groups compared to 

the control groups (P<0.05). In this study, the findings suggest that 100 mg/kg 

PPE and EPPE can be supplemented in normal and low protein broiler diets 

without any adverse effects and considered alternative aromatic substances 

for broiler rations. 
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Introduction  

A standardised extract of Pinus pinaster is called 

Pycnogenol® most common commercially extract 

composed of a mixture of flavonoids (26). The chemical 

composition of Pycnogenol® mainly contains 

procyanidins and phenolic acids. The phenolic acids are 

derivatives of benzoic and cinnamic acids. Procyanidins, 

biopolymers of catechin and epicatechin, are composed of 

70 -/+5 % of the content of Pycnogenol® (25, 32). It has 

been reported that Pycnogenol® shows antioxidant 

activity thanks to its rich natural polyphenols composition. 

Also, it has stated antimutagenic, anticarcinogenic effects, 

cardiovascular benefits, and enhancing microcirculation. 

Thus, it has been set out the protective role of 

Pycnogenol® against many diseases associated with 

oxidative stress (9, 18). 

The proteins are one of the basic nutrients in the diet 

and deficiency, excess, or lack of a certain ratio with other 

basic nutrients in the ration of proteins are among the 

factors that may cause stress for poultry. In the case of low 

protein in the diets, the energy-protein balance is disrupted 

and this causes stress in poultry. Oxidative stress may lead 

to degenerative disorders, loss of performance and 

decreases in product quality. However, it is possible to 

reduce or eliminate these negativities with the addition of 

natural or synthetic antioxidant substances into the poultry 

rations for economic poultry nutrition (8, 19, 34). In 

addition, PPE with its antioxidant properties can be 
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supplemented as one of the antioxidant substances in this 

case. 

Encapsulation is a technique preferred more 

commonly in recent times to preserve or stabilize of 

contents of active compounds for coating them with one 

or more other substances (17). For encapsulation, various 

types of polysaccharide-protein hydrogel carriers are used. 

One of the carriers is alginate obtained from brown algae 

(6). Coating with alginate is a commonly used 

encapsulation of microorganisms, enzymes, drugs, oils, 

and aromatic substances (7). Encapsulation of aromatic 

extracts allows to maintain the stability of phenolic 

contents, increase the bioavailability of compounds, and 

mask the strong odour and taste of aromatic extracts (20). 

This study was conducted to investigate the effects 

of Turkish PPE and EPPE supplementation on broiler 

diets and present an alternative natural product to 

synthetic ones in animal nutrition. Additionally, in this 

study, Turkish PPE was coated with alginate for the first 

time in Türkiye to be used in animal feeding and evaluate 

the encapsulation of PPE. 

 

Materials and Methods 

Birds husbandry and diets: The duration of the present 

research was 41 days with 288 one-day-old male Ross 308 

broiler chicks (initial weight 41.4 ± 0.05 g). Chicks were 

divided into six groups and then each group was divided 

into six subgroups that contained eight chicks. Besides, 

normal (23; 21.5; 19.5%) and low protein (20.7; 19.4; 

17.5%) level groups were divided into one control and two 

trial groups. To conduct this study, ethics committee 

approval was taken, which was 2017-22-178 number from 

Ankara University Animal Experimental Local Ethics 

Committee. Ad-libitum feeding was applied to control and 

trial groups’ diets during the trial, and the water 

requirements of chicks were met as ad-libitum. 

The basal diets were formulated in normal and low 

protein groups at starter, grower and finisher periods, as 

shown in Table 1. While the control groups were fed only 

a basal diet, the amount of 100 mg/kg PPE, one of as 

normal and one of as coated, was added to the basal diets 

of the trial groups. EPPE was coated form of PPE, was 

obtained by encapsulation of PPE with alginate. 

 

Table 1. Ingredients, chemical composition, and metabolic energy value of basal diets in normal and low protein groups at starter, 

grower and finisher periods. 

 Normal Protein Group Low Protein Group 

Ingredients (%) Starter Grower Finisher Starter Grower Finisher 

(0-10 days) (11-24 days) (25-41 days) (0-10 days) (11-24 days) (25-41 days) 

Corn 51.02 47 50 56.40 50 52 

Full Fat Soybean 18 16 15 13 12.2 12 

Vegetable Oil 1 2 3 1 2.2 2.5 

Soybean Meal 24.97 22.7 18.5 24.4 19 14 

Wheat 0 8 9.3 0 12.05 15.1 

Monocalcium Phosphate 2 1.7 1.6 2 1.7 1.6 

Limestone 1.8 1.55 1.6 1.8 1.55 1.5 

Sodium bicarbonate 0.1 0.1 0.1 0.1 0.1 0.1 

Salt 0.3 0.3 0.3 0.3 0.3 0.3 

DL-Methionine 0.3 0.2 0.2 0.34 0.25 0.25 

L-Lysine 0.2 0.15 0.1 0.35 0.35 0.35 

Vitamin Premix* 0.15 0.20 0.2 0.15 0.20 0.2 

Mineral Premix** 0.1 0.10 0.1 0.1 0.10 0.1 

Anticoccidial 0.06 0.0 0.0 0.06 0.0 0.0 

Total 100.00 100.00 100.00 100.00 100.00 100.00 

Chemical Composition  (Analyzed) 

Crude Protein, (%) 22.65 21.21 19.83 20.65 19.52 17.50 

Metabolizable 

Energy***(kcal/kg) 

3018 3101 3218 3000 3127 3211 

Crude Fiber,(%) 7.19 6.59 6.07 6.33 5.45 5.25 

Calcium, (%) 1.40 0.98 0.97 1.12 0.96 0.92 

Phosphorus, (%) 0.65 0.50 0.47 0.57 0.50 0.46 

*Vitamin premix in per kg of diets: Vitamin A: 11.000 IU, Vitamin D3: 3.500 IU, Vitamin E: 100 mg, Vitamin K3: 3 mg, Vitamin B1: 3 mg, B2: 6 mg, 

B6: 4 mg, B12: 0.02 mg, Niacin: 35 mg, Folic acid:1.5 mg, Vitamin H: 0.2 mg,  Vitamin B5: 15 mg.  

**Mineral premix in per kg of diets: Manganese: 120 mg, Zinc:110 mg, Copper: 30 mg, Iron: 50 mg, Cobalt:0.5 mg, Iodine: 2 mg, Selenium:0.3 mg.  

*** Metabolizable energy content of diets was calculated according to the equation of Carpenter and Clegg (5). 
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For the experimental design, it is used a completely 

randomized design with 2x3 factorial arrangement of 

dietary protein level (normal and low) and PPE (no 

supplementation, PPE and EPPE). 

 

Encapsulation of pinus pinaster extract: PPE was 

encapsulated using Encapsulator Device (BUCHI B-390). 

After determining the best conditions for the 

encapsulation process, 1.5% powder of PPE was mixed 

and homogenized with 1% alginate solution. CaCl2 was 

prepared as 1.7 M. After it was determined that the best 

option of the nozzle, frequency, bar pressure, and volt flow 

for this device, the mixture was passed through the 

encapsulator device, and sprayed into the CaCl2 solution. 

When CaCl2 solution was filtered, PPE microcapsules 

were obtained. These microcapsules were washed with 

deionized water and then dried. 

 

Traits measured: During the trial body weight (BW) and 

feed intake (FI) for every chick were measured on 0, 10, 

21, 31, and 41 days of the trial. Feed conservation ratio 

(FCR) was calculated as the amount of feed intake per kg 

body weight gain (BWG). At the end of the trial, 

immediately after slaughtering, carcass weight was 

measured. Carcass yield (%) was determined at the end of 

the trial with this formula. Carcass yield (%)= (body 

weight (g) on 41st day/carcass weight (g) on 41st day) 

X100. European Production Efficiency Factor (EPEF) was 

calculated per pen at 41 days with this formula. EPEF, %= 

[(Body weight (kg))* (Number of total alive chick/number 

of total chick at initial)*100)]/[(Trial period 

(day))*FCR)*100)]. 

 

Sampling: On the 41st day of the trial, two birds per pen 

were randomly selected and slaughtered. Meanwhile, the 

slaughtering 12 blood samples were collected from each 

of the groups. 

 

Measurement of biochemical parameters in serum 

samples: HDL (high-density lipoproteins), LDL (low-

density lipoproteins), triglyceride, and total cholesterol 

levels were measured in serum samples collected at the 

end of the trial by an auto-analyzer (BT 3000, Biotechnica 

Instruments, Italy) using Commercial kits of Randox RX 

series (Randox Laboratories Ltd., London, United Kingdom). 

 

Determination of breast meat malondialdehyde (MDA) 

value: Two pieces of breast meat samples were taken at 

slaughtering from each animal. Then TBARS method was 

used to determine the lipid oxidation level. In the 

beginning of MDA analysis, 10 gr of breast meats were 

taken and then 97.5 ml distilled water was added on each 

of them and mixtures were homogenized with ultra turrax. 

The mixtures were poured into Kjeldahl tubes then 2 ml 

(6N) HCl added and distilled. It was taken 5 ml from 

distillate and 0.02 M, 2-thiobarbütirik asit (TBA) added 

equal amount on distillate. The mixture was incubated in 

boiling water for 35 minutes.The absorbance was 

measured at 530 nm with a spectrophotometer (Shimadzu 

UV-1208). For calculation of TBARS values, the 

absorbance values were multiplied by K=7.8 and 

calculated in mg malondialdehyde/kg. It was calculated 

that TBARS values for samples stored at different time 

intervals were stored at + 4 oC for one day and three days 

after slaughtering (29). 

 

Intestinal histomorphology: On the 21st and 41st day of 

trial, while slaughtering was carried out, intestinal samples 

were taken for the groups and preparations were prepared. 

In the preparation, villus height (VH) from the villus tip to 

bottom and crypt deep (CD) from villus bottom to the 

crypt were measured, then the ratio of villus height to 

crypt deep (VH/CD) was calculated. For each intestine 

section, 10 villi and crypts were measured using the 

camera system and Cellsens CS-ST-V1.8 standard 

software (3, 16). 

 

Statistical analysis: All data were analyzed with Shapiro-

Wilk and Levene Statistical tests. According to the results 

of these tests, a two-way analysis of Variance (ANOVA) 

statistical test was performed to detect the differences 

between average values of groups. In addition, to 

distinguish the significance of the differences between 

groups, the Tukey multiple range test was carried out. The 

statistical results were evaluated on the 95% confidence 

interval. The SPSS 22.0 (SPSS Inc., Armonk, NY) 

software was used. 

 

Results 

The growth performance values of groups are presented in 

Table 2. As shown in Table 2 for BWG, statistically 

significant differences were found between the groups in 

terms of protein at 11-21, 0-21, 22-41, and 0-41 days. In 

terms of PPE, it was determined that the increases between 

the 11-21 and 0-21 days also in these periods, the protein 

and PPE interaction values (Protein X PPE) were 

statistically significant (P<0.05). For feed intake values of 

groups, there were statistically significant differences in 

terms of protein between 22-31 and 0-41 days (P<0.05), 

no statistically significant differences were observed in 

terms of PPE for all the periods (P>0.05). Additionally, 

Protein X PPE values were not statistically significant 

either (P>0.05). For feed conversion rates of the groups, 

the differences were statistically significant in terms of 

protein for days 22-41 and 0-41 (P<0.05) and also it was 

determined significant differences in terms of PPE for 11-

21, 0-21, and 0-41 days (P<0.05). However, no 

statistically significant values were observed in terms of 

the protein and PPE interaction for all the periods 

(P>0.05). 
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For carcass yield and EPEF, it was shown 

numerically better values PPE and EPPE groups than 

control both normal and low protein groups, respectively 

(Table 3). However, there were no statistically important 

differences in PPE and EPPE groups (P>0.05). 

For biochemical parameters in serum samples, the 

findings showed that there were no significant differences 

between the groups’ values of HDL, LDL, total 

cholesterol, and triglycerides (P>0.05) in terms of PPE. 

However, it was shown a certain significant decrease (P 

<0.05) in LDL levels in low protein groups (Table 4). But 

there were no statistically significant values were shown 

in terms of the protein and PPE interaction (P>0.05). 

 

 

 

Table 3. Carcass yield and European Production Efficiency Factor (EPEF) values of the groups. 

Dietary Treatments Carcass yield (%) EPEF 

NP-C 72.49 444.62 

NP-PPE 72.96 482.79 

NP-EPPE 73.20 467.87 

LP-C 71.84 361.05 

LP-PPE 73.53 433.93 

LP-EPPE 74.24 426.78 

 

Protein Normal 73.20 465.09 

Low 72.82 407.25 

PPE NI 72.16 402.83 

PPE 73.25 458.36 

EPPE 73.62 447.32 

SEM 0.25 0.001 

   Significance (P-value) 

Protein 0.442 1.0 

PPE 0.063 1.0 

Protein X PPE 0.31 1.0 

NP-C: Normal Protein Control, NP-PPE: Normal Protein Pinus pinaster extract, NP-EPPE: Normal Protein Encapsulated Pinus pinaster extract, LP-

C: Low Protein Control, LP-PPE: Low Protein Pinus pinaster extract, LP-EPPE: Low Protein Encapsulated Pinus pinaster extract, NI: Not included, 

SEM: Standard error of the mean.                                                      
The differences between the mean values of the groups are not statistically significant (P>0.05). 

 

 

Table 4. Levels of some biochemical parameters in blood serum and plasma samples of the groups. 

Dietary Treatments HDL 

(mg/dl) 

LDL 

(mg/dl) 

Triglyceride 

(mg/dl) 

Total cholesterol 

(mg/dl) 

NP-C 69.80 65.26 44.25 60.67 

NP-PPE 86.52 74.25 52.25 69.17 

NP-EPPE 75.07 61.11 50.67 59.58 

LP-C 79.40 54.19 50.17 65.92 

LP-PPE 71.45 40.06 48.83 58.75 

LP-EPPE 71.58 41.05 51.08 59.92 

 

Protein Normal 77.12 66.88A 49.06 63.14 

Low 74.14 45.10B 50.03 61.53 

PPE NI 74.58 59.73 47.21 63.29 

PPE 78.99 57.16 50.54 63.96 

EPPE 73.32 51.08 50.87 59.75 

 

SEM 2.15 2.22 0.94 1.7 

                      Significance (P-value) 

Protein 0.49 0.001 0.61 0.64 

PPE 0.53 0.28 0.23 0.56 

Protein X PPE 0.08 0.12 0.14 0.17 

NP-C: Normal Protein Control. NP-PPE: Normal Protein Pinus pinaster extract, NP-EPPE: Normal Protein Encapsulated Pinus pinaster extract, LP-
C: Low Protein Control, LP-PPE: Low Protein Pinus pinaster extract, LP-EPPE: Low Protein Encapsulated Pinus pinaster extract, NI: Not included, 

SEM: Standard error of the mean.                                                      

The differences between the mean values of the groups are not statistically significant (P>0.05). 
A,B: Mean values within the same column carrying different superscripts are significantly different at P<0.05. 
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As shown in Table 5, there were no significant 

differences in breast meat MDA level on the 1st-day 

results, but on the 3rd day’s results, statistically significant 

decreases were found in terms of protein, PPE, and 

interaction value (Protein X PPE) (P<0.05). Besides this, 

groups of EPPE levels were determined numerically lower 

than PPE groups (Table 5). Also, it was detected the 

lowest MDA level on the 3rd day’s results in normal 

protein encapsulated Pinus pinaster extract group (NP- 

EPPE). 

As shown in Table 6, on the 21st day, while it was 

found statistically significant differences for jejunum VH 

and CD in terms of protein and PPE (P<0.05), there were 

no statistically significant differences in ileum values 

(P>0.05). Additionally, Protein X PPE values were not 

statistically significant (P>0.05) except the value of 

jejunum CD (P<0.05). 

As shown in Table 7, on the 41st day, while it was 

observed statistically significant differences for jejunum 

VH in terms of PPE (P<0.05), there were detected 

statistically significant differences in terms of both PPE 

and protein for jejunum CD (P<0.05). However, no 

statistically significant differences were shown in the ratio 

of VH/CD for both jejunum and ileum (P>0.05). In 

addition, for ileum CD values, statistical significance was 

found in terms of PPE (P<0.05). 

 

Table 5. Levels of MDA values on the first and third day in 

breast meat of the groups. 

Dietary Treatments TBARS Values (mg/kg) 

 1st day 3rd day 

NP-C 0.46 1.02a 

NP-PPE 0.31 0.68c 

NP-EPPE 0.25 0.63c  

LP-C 0.49 1.09a 

LP-PPE 0.40 0.86 b 

LP-EPPE 0.33 0.67 b 

 

Protein Normal 0.34 0.77A 

Low 0.41 0.90B 

PPE NI 0.47 1.05x 

PPE 0.35 0.74y 

EPPE 0.29 0.60y 

 

SEM 0.07 0.10 

                       Significance (P-value) 

Protein 0.21 0.02 

PPE 0.3 0.05 

Protein X PPE 0.25 0.01 

NP-C: Normal Protein Control, NP-PPE: Normal Protein Pinus pinaster 

extract, NP-EPPE: Normal Protein Encapsulated Pinus pinaster extract, 

LP-C: Low Protein Control, LP-PPE: Low Protein Pinus pinaster 

extract, LP-EPPE: Low Protein Encapsulated Pinus pinaster extract, NI: 
Not included, SEM: Standard error of the mean. 

a,b,c: Mean values within the same column carrying different 

superscripts are significantly different at P<0.05. 
x,y: Mean values within the same column carrying different superscripts 

are significantly different at P<0.05. 

A,B: Mean values within the same column carrying different superscripts 

are significantly different at P<0.05. 

 

Table 6. Effects of intestinal histomorphology of jejunum and ileum on the 21st day in groups. 

 Jejunum Ileum 

Dietary Treatments Villus Height 

(μm) 

Crypt Depth 

(μm) 

Villus Height/ 

Crypt Depth 

Ratio 

Villus 

Height 

(μm) 

Crypt 

Depth 
(μm) 

Villus Height/ 

Crypt Depth 

Ratio 

NP-C 1174.69 156.33ab 7.57 726.42 126.05 6.30 

NP-PPE 1181.70 146.94abc 8.05 754.83 127.61 5.72 

NP-EPPE 1288.67 162.5a 7.94 779.22 134.00 5.64 

LP-C 1071.83 135.08c 7.58 710.00 120.19 6.15 

LP-PPE 1164.11 141.61bc 7.96 736.33 134.97 5.68 

LP-EPPE 1186.69 162.36a 7.33 748.91 137.08 5.21 

 

Protein Normal 1215.02 155.26A 7.86 753.49 129.22 5.89 

Low 1140.88 146.35B 7.62 731.75 130.75 5.68 

PPE NI 1123.26y 145.71y 7.58 718.21 123.12 6.23 

PPE 1172.90xy 144.28y 8.00 745.58 131.29 5.70 

EPPE 1237.68x 162.43x 7.63 764.07 135.54 5.43 

 

SEM 12.40 1.72 0.11 14.02 2.26 0.15 

                              Significance (P-value) 

Protein 0.006 0.015 0.312 0.44 0.73 0.45 

PPE 0.003 0.001 0.251 0.42 0.09 2.28 

Protein X PPE 0.29 0.047 0.5 0.98 0.49 0.14 

NP-C: Normal Protein Control, NP-PPE: Normal Protein Pinus pinaster extract, NP-EPPE: Normal Protein Encapsulated Pinus pinaster extract, LP-
C: Low Protein Control, LP-PPE: Low Protein Pinus pinaster extract, LP-EPPE: Low Protein Encapsulated Pinus pinaster extract, NI: Not included, 

SEM: Standard error of the mean. 

a,b,c: Mean values within the same column carrying different superscripts are significantly different at P<0.05. 
 x,y: Mean values within the same column carrying different superscripts are significantly different at P<0.05. A,B: Mean values within the same column 

carrying different superscripts are significantly different at P<0.05. 
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Table 7. Effects of intestinal histomorphology of jejunum and ileum on the 41st day in groups. 

 Jejunum Ileum 

Dietary Treatments Villus 

Height 

(μm) 

Crypt Depth 

(μm) 
Villus Height/ 

Crypt Depth 

Ratio 

Villus 

Height 
(μm) 

Crypt 

Depth (μm) 
Villus Height/ 

Crypt Depth 

Ratio 

NP-C 1267.30 154.41b 8.26 1117.24 143.83 6.05 

NP-PPE 1334.47 171.77a 7.79 1151.60 153.55 7.63 

NP-EPPE 1392.16 190.11a 7.33 1150.50 146.19 7.57 

LP-C 1256.33 154.19b 8.16 877.82 135.64 8.26 

LP-PPE 1320.08 168.83b 7.83 1159.50 147.30 7.83 

LP-EPPE 1322.13 160.17b 8.26 1101.99 159.11 7.23 

 

Protein Normal 1331.31 172.10A 7.79 1139.78 147.86 7.08 

Low 1299.51 161.17B 8.08 1046.44 147.35 7.77 

PPE NI 1261.82y 154.31y 8.21 997.53 139.73y 7.15 

PPE 1327.27x 170.31x 7.82 1140.89 150.43xy 7.72 

EPPE 1357.15x 175.29x 7.80 1126.25 152.65x 7.40 

 

SEM 10.77 1.79 0.10 31.30 2.03 0.23 

Significance (P-value) 

Protein 0.15 0.005 0.15 0.15 0.90 0.14 

PPE 0.04 0.001 0.16 0.22 0.032 0.6 

Protein X PPE 0.46 0.003 0.08 0.12 0.08 0.07 

NP-C: Normal Protein Control, NP-PPE: Normal Protein Pinus pinaster extract, NP-EPPE: Normal Protein Encapsulated Pinus pinaster extract,                  

LP-C: Low Protein Control, LP-PPE: Low Protein Pinus pinaster extract, LP-EPPE: Low Protein Encapsulated Pinus pinaster extract, NI: Not included, 

SEM: Standard error of the mean. 
a,b: Mean values within the same column carrying different superscripts are significantly different at P<0.05. 

x,y: Mean values within the same column carrying different superscripts are significantly different at P<0.05. 

A,B: Mean values within the same column carrying different superscripts are significantly different at P<0.05. 

 

 

Discussion and Conclusion 

In this study, statistically significant differences between 

the groups of BWG in terms of protein at 0-41 days (P 

<0.05) were observed. For all periods except 0-10th days 

interval, higher BWG in normal protein groups than low 

protein ones (P<0.05) (Table 2) were determined. In 

agreement with our study, Sigolo et al. (28) stated that 

growth performance was negatively affected in their 

study, conducted by reducing the protein level in broilers 

by 2.5% from the recommended levels. Aftab et al. (2) 

investigated the effects observed when protein levels 

indicated in NRC (1994) were reduced by 10% using 

balanced rations of amino acids at 0-21, 21-42, and 42-56 

days of broiler chickens. For this purpose, they gave 

rations containing 20.7, 18.0, and 16.2% crude protein at 

0-21, 21-42 and 42-56 days, respectively. However, they 

stated that there was a decrease in BW, BWG and carcass 

yield in all low protein rations compared to the control 

group. Likewise, in our study, when the protein level 

decreased 10% in low protein groups, a decrease was 

found compared to the normal ones for BWG and carcass 

yield. Cardinal et al. (4), in their studies, comparing 

growth performance and intestinal health in broiler groups 

with standard protein, the protein level reduced by 6% and 

protease added standard and low protein groups; reported 

that in the low protein group, BW, BWG and FCR were 

significantly adversely affected in 1-42 days compared to 

the standard protein group. These findings were consistent 

with the findings we obtained in our study that were 

determined in terms of protein. 

In another study, Hilliar et al. (13) conducted to 

evaluate the effects of low protein (LP) diets 

supplemented with approximately 3% of glycine, serine 

and threonine amino acids in broilers. It was stated that the 

results showed LP group, also LP and supplemented with 

amino acids groups had lower final BW than the standard 

protein group. It was notified that the standard protein 

group FCR is better than LP; moreover, it was better than 

low protein supplemented with amino acids groups during 

the trial. Zhou et al. (37) was designed a study to evaluate 

the effects of dietary serine supplementation on 

performance in laying hens fed low protein (LP) diets. The 

trial included a control diet with standard protein (16.49% 

CP) and 4 low protein diets (14.05% CP) supplemented 

with 0, 0.114, 0.306, and 0.498% L-serine, respectively. 

At the end of the study, it was notified the supplementation 

of serine to LP diets improved performance and led to an 

optimal egg production with serine level of 0.498%. In 

addition, total protein and globulin contents were 

significantly increased (P<0.05) with serin supplementation 

at the levels of 0.306% and 0.498%. These results are in 

line with our findings about reducing protein level in 

broiler diets. While it was stated the supplementation of 

amino acids was used for compensation of the adverse 

effect of reducing protein level in broiler diets in above-

mentioned studies, PPE and EPPE aromatic substances 
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were used to fortify compensation of this effect in our 

study.  

Also, it was notified in a study when plant extracts 

from rosemary, olive leaves, pine bark concentration of 

2.5 and 5.00 g/kg, and polyphenolic compound quercetin 

0.25 and 0.50 mg/kg concentration were added in broiler 

diets, no effect was observed on BWG and FCR for the 

olive leaves, pine bark extracts as well as quercetin (27). 

However, it was reported to be observed better BWG, FI 

and FCR when added 600 and 2400 mg/kg PPE in broiler 

diets during 21 days before slaughtering by Herranen et al. 

(12). In our study at 0-41 days period, the numerically 

highest body weight gain was found respectively in NP-

PPE and then NP-EPPE groups. In terms of PPE, 

statistically significant increases on days 11-21 and 0-21 

for BWG and better FCR that showed significant effects 

on days 11-21 and 0-41(P<0.05) were found. 

In another study to investigate the effects of chitosan 

nano-encapsulating mint, thyme, and cinnamon essential 

oils in broiler diets added at 0.025, 0.04, and 0.055%, 

respectively, starter, grower, finisher period notified that 

encapsulated forms of essential oils were significantly 

improved (P<0.05) for BWG and FCR compared to free 

forms (23). Also, it was reported that in the comparison of 

powder and encapsulated form of garlic and 

Phyllanthusniruri L. mixture, the encapsulated form had 

more powerful effects on BWG and FCR than powder 

form (22). Additionally, Haafez et al. (11) reported that 

encapsulation of aromatic substances affected FCR 

positively compared to powder form. Mourtzinos et al. 

(21) and Zhang et al. (36) stated that the encapsulation 

process increases the bioavailability of the product. Also, 

in our study between 11-21 and 0-21 days of age, better 

BWG and FCR values were observed in EPPE groups 

(P<0.05) than PPE and EPPE values. In these periods, the 

protein and PPE interaction values were statistically 

significant also (P<0.05). It was observed that the addition 

of coated extract in 0-21 days provided statistically 

significant positive effects for BWG in normal protein 

groups and better FCR values in both normal and low 

protein groups. These findings were in harmony with the 

general approach of increase in the bioavailability using 

encapsulation of aromatic substances. 

It was stated that conducted a study to evaluate the 

effects of supplementation of 5-10% Moringa olifera 

leaves meal (MLM) and 50-100 ml Moringa olifera 

extracts (MLEx) in standard and low protein (LP) diets in 

broilers. It was notified in this study the lowest BW was 

detected in the LP control group, whereas the best BW 

value was in the LP+100 ml MLEx group. Also, it was 

reported the best FCR was found in the LP+50 ml MLEx 

group and the best TBARS value in the LP+100 ml MLEx 

group (1). The above mentioned results of adding aromatic 

substances (MLM and MLEx) to LP diets to improve 

growth performance are in line with the findings of our 

study. 

Guo et al. (10) reported that with the supplementation 

of 0, 1, 3, 5% pine needles powder in broiler diets, 

decreases were found in triglyceride levels for the groups 

of 3 and 5% and in cholesterol levels for groups 1 and 5% 

in blood serum when compared to control. Meanwhile, in 

the present study, there were no significant differences 

compared to control when it was used 100 mg/kg of PPE 

and EPPE. 

MDA is one of the most important and toxic 

substances that occurred by lipid peroxidation of 

unsaturated fatty acids with oxygen. Due to based on 

detection of MDA levels in blood plasma and poultry 

meat, the TBARS method is commonly used as an 

indicator of lipid oxidation level (14). Guo et al. (10) also 

declared to detection a decrease in blood TBARS level 

compared to control when 5% of pine needles powder was 

added into the broiler diets. It was reported that when 

fermented pine needles powder was used, 0.3% for the 

starter period and 0.6% for the grower-finisher period in 

broiler diets, it was observed better MDA level and 

antioxidant activity (35). Ramay and Yalçın (24) 

explained to observe a linear decrease in MDA levels in 

breast meat stored for 1 and 10 days when broilers were 

fed a linseed oil-based basal diet supplemented with 0.25, 

0.5, 0.75, 1% pine needles powder. In parallel to earlier 

studies, it was found statistically significant decreases in 

the 3rd-day breast meat MDA values in PPE and EPPE 

groups than control (P <0.05). When compared MDA 

values in PPE and EPPE groups, a numerical decrease was 

observed in EPPE groups in our study (P>0.05). 

Villus height (VH) and crypt depth (CD) are related 

to the digestive capacity of the small intestine. Laudadio 

et al. (15) conducted a study with equal energy and three 

different protein levels that were high 22.5%, medium 

20.5%, low 18.5% HP for comparison of intestinal VH 

and CD values; they found significant numerical increases 

in values of medium and high protein groups than low 

protein one. Similar to our study, higher VH and CD 

values were found in normal protein groups than low 

protein ones. In another study, it was reported that 

conducted to evaluate the effects of low protein (LP) diets 

supplemented with arginine, glutamine, methionine, and 

threonine in Eimeria-infected chickens. The results 

revealed that the intestinal health of chickens challenged 

with a mild coccidia infection can be improved when 

fortified in 0.75% of arginine, glutamine, methionine, and 

threonine to LP diets (30). Van Nevel et al. (33) reported 

that the low VH/CD ratio indicates that the intestinal 

turnover rate decreases. Thus, it may lead to an increase in 

growth rate by consuming less energy for vital activities. 
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Also, Tufarelli et al. (31) emphasized that the increases of 

villi height improve total absorption area in the intestine. 

This situation provides a positive effect on digestive 

enzymes and transporting nutrients on the villi surface. In 

our study, it was found a lower VH/CD ratio in the normal 

protein groups than in the low protein groups. Moreover, 

in terms of PPE, the jejunum VH/CD ratio was found 

lower in the PPE and EPPE added groups on the 41st -day 

results. When compared to control, addition to PPE and 

EPPE provide higher VH and deeper CD in jejunum at 21 

and 42 days age. It was thought that the increasing VH-

CD and improvement of performance could be caused by 

growing so that it could be a positive increase, but no data 

were found about the effects of PPE on intestinal 

histomorphology in the broiler, so it was thought to be 

investigated with further studies. 

In light of the findings obtained in this study, it was 

observed that with supplementation of 100 mg/kg PPE or 

EPPE obtained from Türkiye in normal and 10% low 

protein broiler rations; no adverse effect was observed in 

the groups. Also, positive effects on performance, 

intestinal histomorphology, and better TBARS levels with 

antioxidant properties were detected. In conclusion, it was 

estimated that 100 mg/kg PPE or EPPE would be used as 

an alternative aromatic substance for broiler diets. Also, 

encapsulation can be preferred to obtain better antioxidant 

activity and intestinal capacity on stress conditions in the 

field. Besides that, further studies are needed to determine 

the range of usage amount to provide maximum effects for 

dietary supplementations in broiler diets. 
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