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Simple Summary: Nowadays, due to genetic evolution, poultry is more susceptible to stressful
factors (nutritional, environmental, etc.), which causes imbalances in the redox status, namely
oxidative stress. Among the consequences of oxidative stress in poultry are impaired performances,
gut microflora imbalance, as well as the deterioration of the overall health status. Consumer pressure
about the quality and safety of animal products has prompted the need for use, among many dietary
factors, of natural antioxidants. Salix alba bark represents a source of bioactive compounds, including
polyphenols and flavonoids, with an important role in poultry nutrition. This study aims to describe
the effects of dietary Salix alba bark powder on the performance of oxidative stress parameters in liver
and gut microflora of broilers. As conclusion, the paper proposes that dietary 0.05% Salix alba bark
powder could be an effective solution to impede the oxidative stress in broiler liver and to improve
gut microflora. The paper manifests noteworthy concern in poultry nutrition, whereas many diseases
have been related to oxidative stress.

Abstract: The paper aimed to analyse the effect of dietary Salix alba L. bark powder (SAB) on broiler
performance in terms of oxidative stress parameters in liver and gut microflora. One hundred and
eighty Cobb 500 broiler chicks (14 days) were allotted to three homogeneous treatments (SAB 0%; SAB
0.025%; SAB 0.05%). The broilers were housed in an environmentally controlled space (10 replicates,
six broilers/replicate). Compared to dietary control treatment (SAB 0%), the other treatments included
0.025% SAB (SAB 0.025%) and 0.05% SAB (SAB 0.05%). The results showed that SAB powder used
in broiler diet had a high total phenolic content. Regarding the performance results, significant
differences between experimental and control treatments were recorded only for average daily feed
intake (35–42 days). The broilers fed with SAB powder had a significantly lower hepatic level of
malondialdehide and glutathione, a higher total antioxidant capacity than those fed control treatment,
and demonstrated a positive effect on the development of non-pathogenic bacteria (lactobacilli) but
a decrease in the population of pathogenic ones (E. coli, staphylococci). Our findings suggested that
dietary 0.05% SAB powder could be an effective solution to impede the oxidative stress in broiler
liver and to improve gut microflora.
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1. Introduction

Nowadays, commercial poultry production is subject to many stressors which consequently
impair the productive parameters of growing chicks. There are evidences showing that most of the
stresses (nutritional, physiological/pathological, or environmental factors) found in the poultry sector
lead to oxidative stress [1]. Oxidative stress starts from the disequilibrium between reactive oxygen
species (ROS) production and antioxidant defense, consequently leading to cellular and tissue injury
as lipid peroxidation, protein alteration, etc. [2]. Thus, research is needed for solutions to prevent or
alleviate the oxidative stress. The current trend is using plants with antioxidant properties, which were
exploited by traditional medicine as treatments or as ways of preventing other diseases. This trend is
particularly important since the administration of antibiotics as growth promoters has been forbidden.
In recent years, many plants containing phenolic compounds have gained considerable interest for
reducing oxidative stress both in vitro and in vivo studies [1,3,4].

White willow bark (Salix alba L.) has antipyretic and analgesic properties, due mainly to salicin
content [5]. The parts of willow species which can be used are mainly represented by bark and
leaf. Besides the salicin content, willow also represents a source of bioactive compounds, including
polyphenols and flavonoids, with significant implications in fulfilling the curative roles of willow [6].

So far, there are many in vivo and in vitro studies that have proved the antioxidant properties of
willow extracts [7–9]. A good antibacterial activity of Salix alba was reported [10], positively correlated
with its antioxidant potential [11]. In a study on humans, it was concluded that willow bark is able
to increase the activity of antioxidant enzymes and consequently counteract oxidative reactions [12].
Some authors noticed that using 1% dietary hydroglyceroalcoholic willow bark extract [7] and 0.05%
willow bark extract powder [4] improved the biochemical blood parameters and liver oxidative status
of heat-stressed broilers and decreased the number of pathogens in the caecum.

The purpose of this paper was to describe the effects of dietary extract of Salix alba bark powder
on the productive parameters of oxidative stress markers in the liver and gut microflora of broilers.

2. Materials and Methods

The experimental trial followed the regulations of Directive 2010/63/EU [13] concerning animal’s
protection used for scientific purposes and was certified by the Ethical Commission (no. 52/30.07.2014)
of National Research Development Institute for Animal Biology and Nutrition (IBNA-Balotesti,
Balotesti, Romania).

2.1. Experimental Design

An experiment that lasted for 4 weeks was carried out on 180 1-day-old Cobb 500 broiler chicks
(x̃ = 40.40 ± 2.3 g) that were provided by a trading hatchery. They were sheltered in an environmentally
verified space (temperature, humidity, ventilation, and light program) with a capacity of 16 broilers/m2.
As permanent broiler litter, wood shavings with 10–12 cm thickness were used. For the third day,
the room temperature was maintained at 33 ◦C and then reduced gradually. Through 14 days of
age, broilers were fed with a commercial diet based on corn (56%) and soybean meal (32%) with
23% CP and 3039.79 kcal/kg ME. At 14 days of age, depending on the body weight, the chicks were
allotted to three homogeneous treatments (SAB 0%, SAB 0.025% and SAB 0.05%) in terms of body
weight: 360.21 ± 8.69 g (SAB 0%), 360.30 ± 9.73 g (SAB 0.025%), and 360.67 ± 7.37 g (SAB 0.05%).
Every group was run in ten replicates (6 chicks/replicate). Feed and water were administered ad libitum.
Diets structure was considered to follow the requirements stipulated in NRC [14] By comparison with
the commercial diet (SAB 0%), the experimental treatments included 0.025% of Salix alba bark (SAB)
powder for SAB 0.025% treatment and 0.05% SAB powder for SAB 0.05% treatment (Table 1). The SAB
powder containing 25–98% salicin was purchased from a commercial company in China (Changsha
Vigorous-Tech Co., Ltd., Changsha, China). Over the experimental trial, the chicks were not subjected
to any medical program or medical treatment.
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Table 1. Diet formulation.

Specification
Grower Stage (14–35 days) Finisher Stage (36–42 days)

SAB 0% SAB 0.025% SAB 0.05% SAB 0% SAB 0.025% SAB 0.05%

% %

Corn 62.00 61.97 61.95 60.50 60.47 60.45
Soybean meal (46% CP *) 26.58 26.58 26.58 25.46 25.46 25.46

Gluten 4.00 4.00 4.00 6.00 6.00 6.00
Oil 2.50 2.50 2.50 3.75 3.75 3.75

Salix alba bark powder 0 0.025 0.05 0 0.025 0.05
Calcium carbonate 1.40 1.40 1.40 1.33 1.33 1.33

Monocalcium phosphate 1.36 1.36 1.36 1.13 1.13 1.13
Salt 0.37 0.37 0.37 0.33 0.33 0.33

DL-Methionine 0.26 0.26 0.26 0.25 0.25 0.25
Lysine HCl 0.48 0.48 0.48 0.20 0.20 0.20

Choline 0.05 0.05 0.05 0.05 0.05 0.05
Premix ** 1 1 1 1 1 1

Total 100 100 100 100 100 100
Calculated Metabolisable

energy, kcal/kg 3140.03 3140.03 3140.03 3250.00 3250.00 3250.00

Chemical composition—calculated

Dry matter, % 86.48 86.48 86.48 86.49 86.49 86.49
Crude protein, % 20.5 20.5 20.5 19.50 19.50 19.50
Ether extract, % 4.46 4.46 4.46 5.66 5.66 5.66
Crude fibre, % 3.54 3.54 3.54 3.56 3.56 3.56

Calcium, % 0.84 0.84 0.84 0.78 0.78 0.78
Phosphorus, % 0.75 0.75 0.75 0.74 0.74 0.74

Available phosphorus, % 0.42 0.42 0.42 0.39 0.39 0.39
Lysine, % 1.35 1.35 1.35 1.15 1.15 1.15

Methionine, % 0.58 0.58 0.58 0.59 0.59 0.59
Meth + Cys, % 0.92 0.92 0.92 0.95 0.95 0.95
Threonine, % 0.74 0.74 0.74 0.77 0.77 0.77
Triptophan, % 0.21 0.21 0.21 0.22 0.22 0.22

* %CP of DM. ** 1 kg premix contains 1,100,000 IU/kg vit. A; 200,000 IU/kg vit. D3; 2700 IU/kg vit. E; 300 mg/kg vit.
K; 200 mg/kg Vit. B1; 400 mg/kg vit. B2; 1485 mg/kg pantothenic acid; 2700 mg/kg nicotinic acid; 300 mg/kg vit. B6;
4 mg/kg Vit. B7; 100 mg/kg vit. B9; 1.8 mg/kg vit. B12; 2000 mg/kg vit. C; 8000 mg/kg manganese; 8000 mg/kg iron;
500 mg/kg copper; 6000 mg/kg zinc; 37 mg/kg cobalt; 152 mg/kg iodine; 18 mg/kg selenium. CP = Crude protein;
DM = dry matter.

2.2. Performance

During the experimental trial (14–42 days), bodyweight (BW, g) and average daily feed intake
(ADFI, g feed/broiler/day) were monitored while average daily weight gain (ADWG, g/broiler/day),
and feed conversion ratio (FCR, g feed/g gain) were calculated. Individual bodyweight was recorded
weekly. The experiment protocol stipulated that mortality should be recorded daily throughout
the experiment.

2.3. Collection of Blood, Liver Samples and Intestinal and Caecal Content

At 42 days of age, and before slaughter, one bird from each replicate had their blood
aseptically collected from the brachial vein into vacutainers including anticoagulant (lithium heparin).
These samples were used to determine the serum biochemical parameters. After blood sampling,
one bird from each replication, with bodyweight within ±10 g standard deviation of the mean treatment
weight, was euthanized by dislocation of the cervical spine. After bleeding, the excision of internal
organs was performed, including the gut (from the oesophagus to the cloaca). Liver samples were
collected according to [15] and then packed under vacuum conditions and preserved at −80 ◦C until
the analysis of biochemical markers of oxidative stress. The contents collected from the small intestine
(duodenum, jejunum and ileum) and caecum were aseptically stored at −20 ◦C until performing the
microbiological analyses (E. coli, staphylococci, lactobacilli, Salmonella spp).
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2.4. Total Phenolic Content (TPC) in SAB Powder

The ethanolic extract was obtained from 1 g of ground plant material and 10 mL of solvent (60%
v/v ethanol, 40% distilled water). The TPC of SAB powder was determined according to a modified
Folin-Ciocalteu method [16]. The absorbance value was recorded at 725 nm wavelength against blank
sample. The TPC were indicated as gallic acid equivalents/g dry weight (GAE/g dw).

2.5. Analyses of Serum Biochemical Parameters

Blood samples were prepared by centrifugation at 775× g for 25 min at 4 ◦C. The supernatant
obtained was employed to analyse the following serum markers: glucose, cholesterol, triglyceride,
total bilirubin, total protein, alanine aminotransferase, and aspartate aminotransferase. The biochemical
parameters were analysed using an automatic BS-130 Chemistry analyzer (Bio-Medical Electronics Co.,
Ltd., Shenzhen, China).

2.6. Liver Oxidative Stress Evaluation

The sample preparation was done according to [17]. One gram of liver tissue was homogenized
in 10 mL of cold 66 mM potassium phosphate buffer, pH 7.2 with 1 mM EDTA. After centrifugation
(10,000× g, 15 min, 4 ◦C), the supernatants were taken and used for analysing the lipid peroxidation,
estimated by the spectrophotometric method of thiobarbituric acid reactive substances (TBARS), protein
oxidation (PC), glutathione (GSH), total antioxidant capacity (TAC), and superoxide dismutase (SOD).

2.6.1. Lipid Peroxidation Evaluation (TBARS Method)

Lipid peroxidation was evaluated using a modified assay of [18]. One hundred microliters of liver
extract were homogenized using 400 µL of Tris-HCl (20 mM; pH 7.4) and 500 µL of 20% trichloroacetic
acid and incubated for 10 min at room temperature. After the addition of 1 mL thiobarbituric acid
(TBA), the samples were incubated at 95 ◦C, 45 min. then, were cooled down in ice-water bath (5 min.).
They were centrifuged at 10,000× g, 10 min. and the absorbance was recorded at 532 nm wavelength.
The thiobarbituric acid reactive substances (TBARS) concentration was calculated using the molar
extinction coefficient of malondialdehyde and expressed as nmol/g tissue.

2.6.2. Protein Oxidation (PO)

PO was estimated by the spectrophotometric determination of protein carbonyl (PC). PC was
determined following the method of [19]. Fifty microliters of 20% TCA were homogenized with 50 µL
of liver extract and kept at incubation in ice-water bath, 15 min. Consequently, the samples were
submitted to centrifugation (15,000× g, 10 min, 4 ◦C).

Then, after removing the supernatant, 500 µL of 2,4-dinitrophenylhydrazine (14 mM, prepared in
2.5 N HCl) was added and incubated for 60 min at room temperature, in the dark. In parallel, a blank
was prepared, adding 500 µL of 2.5 N HCl. After centrifugation, the supernatant was removed and
1 mL of TCA (10%) was added. The pallet was washed twice with 1 mL of ethanol-ethyl acetate (1:1, v/v)
each time. Then, 1 mL of urea (5 M, pH 2.3) was added to the washed pallet and the mixture was
incubated for 15 min at 37 ◦C. The absorbance was read at 375 nm. PC concentration was calculated
using molar extinction coefficient. The results were expressed as nmol/g tissue.

2.6.3. Glutathione (GSH) Estimation

GSH was performed according to the method described by [20]. Twenty microliters of liver extract
homogenized with 5% trichloroacetic acid were added to 650 µL of 66 mM potassium phosphate buffer
(pH 8.0) and 330 µL of 1mM 5, 5 dithiobis-2-nitrobenzoate (DTNB). Consequently, the samples were
stored in a dark place for 45 min. and after this were incubated. The absorbance values of samples
were recorded at 412 nm wavelength. Glutathione values were estimated using a calibration curve,
performed utilizing commercial standards. The results were indicated as µmol/g tissue.
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2.6.4. Total Antioxidant Capacity (TAC) Estimation

The estimation of TAC was performed using the protocol described by [21]. Twenty microliters
of liver extract were homogenized with 480 µL of 22 mM potassium phosphate buffer (pH 7.4) and
500 µL of 0.1 mM 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical. After this, samples were kept
at incubation in a dark room for 30 min and centrifuged for 3 min. at 10,000× g. The absorbance of
samples was recorded at 520 nm wavelength. The DPPH· scavenging capacity was calculated using
the following formula:

Radical scavenging activity (%) = (Ablank − Asample)/Ablank × 100 (1)

where A = Absorbance.

2.6.5. Superoxide Dismutase Activity (SOD) Estimation

An SOD Assay Kit (Sigma, Buchs, Switzerland) was used for determining the superoxide dismutase
(SOD). The results were calculated following the producer’s details. They were indicated as U/g tissue.

2.7. Microbiological Analyses

The microbiological analyses of E. coli, staphylococci, lactobacilli and Salmonella spp. were determined
as [22] described. The Scan 300 colony counter (Interscience, Paris, France) was used to establish the
colony forming units of E. coli, staphylococci, and lactobacilli. The results were expressed as log base
10 colony-forming units (CFU) per gram of intestinal/caecal contents.

2.8. Statistical Analysis

A complete randomized model was performed to analyse the results for productive parameters,
biochemical parameters, liver oxidative status, and gut microflora. The effects of treatments were
tested by analysis of variance (ANOVA) using STATVIEW for Windows (SAS, version 6.0). When the
F-test results were significant, differences between means were declared as p < 0.05.

3. Results

3.1. Total Phenolic Content (TPC) in Salix alba Bark

Salix alba powder used in this study has a high level of TPC, 98.5 ± 2.2 mg GAE/g, respectively.

3.2. The Effect of Salix alba Bark on Broiler Performance

Table 2 shows the productive parameters of broilers fed treatment with and without SAB
powder addition.

At both 35 and at 42 days, broilers fed SAB 0.05% recorded a higher (p < 0.05) BW compared with
the broilers fed SAB 0.025% treatment, but comparable with broilers fed SAB 0%. Only in the last week
of the trial (35–42 days) the ADFI was significantly higher (p < 0.05) in SAB 0.05% treatment compared
with both SAB 0% and SAB 0.025%. Throughout the entire experimental trial, no significant differences
were recorded between treatments (Table 2). No significant differences were noticed for SAB 0.025%
and SAB 0.05% compared to SAB 0% treatment regarding ADWG throughout entire experimental
period (Table 2). The values recorded for SAB 0.05% treatment were significantly increased compared
to SAB 0.025%. There was no effect (p > 0.05) of SAB powder on FCR (14–42 days). Even though, in the
last week of the trial, the broilers from SAB 0.05% group had a higher ADFI (p < 0.05) than the other
groups, the FCR was similar to SAB 0% and lower than SAB 0.025% (p > 0.05).

Throughout the entire experimental period, no mortalities were recorded between the
three treatments.
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Table 2. Effect of dietary SAB powder on broiler productive parameters.

Parameter Age SAB 0% SAB 0.025% SAB 0.05% SEM p-Value

Body weight (g)
14 days 360.21 360.30 360.67 4.950 0.9992
35 days 2187.25 ab 2121.25 a 2280.88 b 22.473 0.0267
42 days 2822.21 ab 2714.85 a 2968.53 b 37.350 0.0195

Average daily feed intake
(g feed/broiler/day)

14–35 days 128.85 127.94 134.79 3.522 0.6965
35–42 days 162.06 a 153.14 b 174.68 c 2.344 0.0356
14–42 days 136.15 133.50 144.10 3.066 0.3444

Average daily weight
gain (g/broiler/day)

14–35 days 87.00 ab 83.86 a 91.43 b 1.101 0.0335
35–42 days 90.71 ab 84.8 a 98.24 b 2.257 <0.0001
14–42 days 87.93 ab 84.09 a 93.14 b 1.357 0.0301

Feed conversion ratio
(g feed/g gain)

14–35 days 1.48 1.53 1.48 0.044 0.9290
35–42 days 1.77 1.83 1.78 0.035 0.7981
14–42 days 1.55 1.58 1.55 0.034 0.8685

a, b, c Means in the same line with different superscripts differ significantly (p < 0.05). SEM = standard error of
the means.

3.3. The Effect of Salix alba Bark on Serum Biochemical Measurements

Regarding serum biochemical measurements (Table 3), the administration of SAB powder
(SAB 0.025 and 0.05%) decreased (p < 0.05) the glucose level compared with no SAB addition diet
(SAB 0%).

Table 3. Effect of dietary SAB powder on serum biochemical parameters (average values/group).

Parameter SAB 0% SAB 0.025% SAB 0.05% SEM p-Value

Energy profile

Glucose, mg/dL 245.04 a 219.06 b 195.01 b 9.272 0.0591 *
Cholesterol, mg/dL 97.41 86.16 93.19 3.261 0.5397

Triglycerides, mg/dL 38.82 38.57 36.57 1.418 0.668

Hepatic paramters

Total protein (g/dL) 2.40 2.28 2.15 0.066 0.2762
Total bilirubin (mg/dL) 0.06 0.06 0.05 0.002 0.1616

ALT 1 (TGP), U/L 5.06 a 4.34 a 2.98 b 2.66 0.0147
AST 2 (TGO), U/L 375.6 a 361.5 a 248.4 b 25.57 0.0350

a, b Means in the same line with different superscripts differ significantly (p < 0.05). SEM = standard error of the
means; 1 Alanine aminotransferase; 2 aspartate aminotransferase; n = 10. * ANOVA value of p was not significant,
the superscripts are declared according to the Fischer test results.

The serum cholesterol and triglyceride concentrations did not recorded differences (p > 0.05)
between the three treatments. Both ALT and AST levels were reduced (p < 0.05) in the serum of broilers
fed treatment with higher dose of SAB powder (0.05%) than in that of serum broilers fed no SAB
addition diet (SAB 0%) or with 0.025% SAB powder addition.

3.4. The Effects of Salix alba Bark on Oxidative Stress Biomarkers in Liver

The oxidative stress biomarkers in the liver tissue of chicken fed commercial diet and those fed
SAB powder treatment are shown in Table 4.
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Table 4. Effect of dietary SAB powder on oxidative stress biomarkers in liver tissue.

Parameter SAB 0% SAB 0.025% SAB 0.05% SEM p-Value

TBARS 1 (nmol g/tissue) 48.1 a 35.4 b 35.6 b 1.639 <0.0001
PC 2 (nmol g/tissue) 27.34 a 23.5 b 21.17 b 0.806 0.0014

TAC 3 (% Free radical scavenging) 49.38 a 50.78 a 64.41 b 2.125 0.0011
GSH 4 (µmol g/tissue) 2.59 a 2.67 a 3.38 b 0.113 0.0013

SOD 5 (U g/tissue) 1898.75 1596.58 1719.08 66.301 0.1772
a, b Means in the same line with different superscripts differ significantly (p < 0.05). SEM = standard error of the
means; n = 10; 1 Thiobarbituric reactive substances; 2 Protein oxidation; 3 Total antioxidant capacity; 4 Glutathione;
5 Superoxide dismutase.

Lipid peroxidation indicator (TBARS values) was lower (p < 0.05) in the liver tissue from chickens
fed SAB powder treatments (SAB 0.025% and SAB 0.05%). Both doses of inclusion of the SAB powder
(0.025%, 0.050%) inhibited protein oxidation (p < 0.05), but the lowest concentration of PC was found
in the liver tissue of the chicken fed SAB 0.05% treatment. Adding SAB powder (0.05%) in feed
significantly increased TAC and GSH concentrations in chicken liver tissue (Table 4). The addition of
SAB powder in broiler feed did not significantly affect the SOD activity in liver tissues.

3.5. The Effects of Salix alba Bark on Intestinal and Caecal Bacterial Populations

The microbiological analyses on caecum content (Table 5) revealed that birds fed SAB 0.05%
treatment had a lower colony forming number of E. coli and staphylococci than in the intestinal and
caecal content of those from the control group.

Table 5. Effects of dietary SAB powder on intestinal and caecal bacterial populations (lg10 CFU/g wet
intestinal/caecal content).

Parameter SAB 0% SAB 0.025% SAB 0.05% SEM p-Value

Intestinal content

E. coli 6.361 a 6.359 a 6.357 b 0.001 0.0100
Staphylococci 6.169 a 6.165 ab 6.163 b 0.001 0.0118

Lactobacilli 7.404 a 7.412 b 7.419 c 0.002 <0.0001
Salmonella spp. absent absent absent NA NA

Caecal content
E. coli 10.191 a 10.190 a 10.174 b 0.003 <0.0002

Staphylococci 8.836 a 8.829 a 8.819 b 0.003 0.0013
Lactobacilli 11.564 a 11.637 b 11.665 c 0.011 <0.0001

Salmonella spp. absent absent absent NA NA
a, b, c Means in the same line with different superscripts differ significantly (p < 0.05). NA: not calculated, n = 10.

There were no differences (p > 0.05) between SAB 0.025% and SAB 0% treatments on pathogenic
bacteria tested (E. coli, staphylococci). Birds fed diets supplemented with SAB powder had higher
intestinal and caecal lactobacilli populations compared with those fed SAB 0% treatment (p < 0.05).
Different levels of SAB powder significantly increased intestinal and caecal lactobacilli populations.
Salmonella spp. were absent in all samples.

4. Discussion

Data on total phenolic content of Salix alba powder used in this study revealed a high level of TPC.
There are many studies showing that Salix alba bark is a natural source of phenolic compounds with
antioxidant activity [8,9,11]. Compared to data reported by [6] on total phenolic content of ethanolic
extracts of S. alba bark, our results are 2.4 times higher. Also, ethanolic extract of S. alba and S. purpurea
bark are reported to contain important concentration of phenolic compounds [23]. Among phenolic
compounds presented in Salix bark species, the flavonoids are found in the highest quantities [23].
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Regarding the performance results (Table 2), significant differences between experimental treatments
(SAB 0.025%, SAB 0.05%) and SAB 0% were recorded only for ADFI (35–42 days). However, the
level of 0.05% SAB powder had higher efficacy compared to 0.025% SAB powder at any stage of the
bird’s life. The higher BWG was recorded in broilers fed SAB 0.05% treatment. Therefore, others [24]
found that BWG of broilers decreased when there were added 400 mg/kg of Salix alba. Under heat
stress, diets supplementation with 0.025% and 0.05% hydroalcoholic extract of willow bark powder
did not have a significant (p > 0.05) influence on broiler performance (14–42 days) [7]. A significantly
improvement in BWG (8–43 days) was reported by [25] when broilers were fed 1000 mg/L willow bark
extract in the drinking water. In the present work, the SAB 0.05% treatment significantly improved
(p < 0.05) the broilers’ performance, compared to SAB 0.025% treatment. This idea was supported
also by other researchers. For example, in a study conducted on rabbits [9] it was reported that a
higher dose of Salix alba extract (120 mg/kg diet) was more effective than the lower dose (60 mg/kg
diet). Similar results were found on heat-stressed broilers [4] when willow bark extract was used
(50 g/100 kg diet). The explanation for this result may be that SAB acts in a dose-dependent mode,
an idea highlighted by other researchers [9,26]. The dose of inclusion for phenolic compounds can
vary considerably, but the nutritional impact and biological effects depend on their bioavailability
in the digestive tract [27]. In this regard there are plants that showed beneficial effects at high doses
of inclusion and others, at low doses, depending on physicochemical characteristics of the phenolic
compound [27].

The serum biochemical parameters demonstrated the advantages of broiler feeding with SAB
powder. The serum glucose level decreased (p < 0.05) in the treatments fed including SAB powder.
A reduction in serum glucose may be due to the mechanism of polyphenols in regulating glucose
homeostasis and in improving insulin sensitivity, an idea supported by in vitro and in vivo medical
studies of many researchers [28–30]. These results may account for assessment of SAB powder’
contribution in maintaining the overall health of broiler. Diet supplementation with 1% willow
bark extract had an hypocholesterolemiant and hypoglycaemic effect in the heat-stressed broilers [7].
A study performed on normoglycaemic mice showed the property of Salix tetrasperma extract to reduce
the blood glucose concentration than the control diet [31]. Both, ALT and AST serum levels indicate
the health status of liver [32]. Hepatic enzyme activity of broilers fed higher dose of SAB powder
(SAB 0.05%) was improved by decreasing (p < 0.05) the serum levels of ALT and AST. These findings
are in compliance with those stated by [7]. They found that ALT and AST levels in the serum of
heat-stressed broilers fed 1% willow bark extract diet were significantly lower compared to those fed
conventional diet. An explanation in this regard might be that polyphenols from SAB contribute to the
protective effect on hepatic function. Generally, this effect of polyphenols has also been extensively
demonstrated, majorly via antioxidative stress and anti-inflammation [33]. Also, others [9] reported
that Salix alba extract could act as free radical scavenger, the effect being directly proportional with the
dose of inclusion.

The results on oxidative stress biomarkers highlighted that dietary supplementation with
polyphenolic powder of SAB ameliorated the liver oxidative status. This finding is important
as long as in animal production there are many diseases related to oxidative stress [34]. Lipids are
susceptible targets of ROS due to the large number of reactive double bonds. Thiobarbituric acid reactive
substances (TBARS) are carbonyl compounds generated in vivo via peroxidation of polyunsaturated
fatty acids. Our results show that the dietary SAB powder is able to reduce the lipid peroxidation in
chickens. In the literature, there were recorded decreases in liver malonaldehyde content for broilers
fed dietary hydroalcoholic extract of willow bark powder (0.025% and 0.05%, respectively) compared to
those fed the conventional diet under heat stress conditions [4]. This property of Salix bark is probably
attributed to its high antioxidant content, scavenging free radicals, and consequently diminishing the
oxidative stress.
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Protein carbonyl (PC) groups (e.g., aldehides, ketones) are generated as consequence of amino
acids oxidation or through oxidative cleavage of proteins [35]. In our study, PC levels were decreased
significantly in SAB 0.025% and SAB 0.05% treatments, compared to SAB 0%. Moreover, the decrease
was dose-dependent, suggesting that it was stronger in the group fed high level of SAB powder.
Since protein is the most important nutrient for animal growth, its oxidation damage protein structure
and function, consequently impairing performance [36]. Intracellular glutathione (GSH) as a biomarker
of oxidative stress has a meaningful purpose to fight against the cellular damage induced by ROS,
occurring within a cell during chemical reactions. When cells are exposed to reactive species, GSH
are the first consumed antioxidants [37]. Notably is that phenolics have many important properties,
as antioxidant [38] and anti-inflammatory properties [39]. Data from the present study revealed
only the high dose of SAB powder expresses a significantly antioxidative protection in broiler liver.
Other studies also demonstrated that willow bark extract impaired oxidative stress by increasing GSH
in animal [40–42] and human [12] models. SAB powder stimulated the biosynthesis and secretion of
antioxidant enzyme, scavenging the free radicals as reflected by increasing the activity of GSH.

The ingestion of natural antioxidants has been associated with an increase in the cell’s antioxidant
activity [43]. The total antioxidant capacity (TAC) shows the body or tissue antioxidant properties.
The present results showed that the dietary SAB powder improved the antioxidant status in broiler.
In particular, TAC was increased as a consequence of the level of augmentation of the dietary SAB
powder (i.e., 0.05%). The abovementioned increase in TAC for experimental groups could be attributed
to the stimulating effect of SAB powder on antioxidant GSH activity in liver.

The antioxidant enzyme, superoxide dismutase (SOD) had a crucial implication in annihilating
H2O2 and O2

− oxidation injury at the cellular level [44]. The effects of SAB powder on SOD activity
showed that the nutritional supplement used in our experiment did not affect SOD activity in the liver.
Others [40,45] showed that willow bark extract overcomes oxidative stress by improving the activity of
antioxidant enzymes and acting as a radical scavenger. Also, dietary S. alba extract and acetylsalicylic
acid enhanced the SOD activity and GSH levels, while malondialdehide concentrations were decreased
in the tissues of hypercholesterolaemic rabbits [9]. Notably, the effectiveness of phenolic compounds
in the increase of antioxidant enzymes activity is dependent on the chemical structure, dose, and
bioavailability [1].

The present study revealed the efficacy of SAB 0.05% treatment in reducing the pathogens like
E. coli and staphylococci and multiplied the lactobacilli both in the caecum and intestinal segment.
The lower dose of SAB (0.025%) had effect (p < 0.05) only on lactobacilli, increasing their intestinal and
caecal number. It seems like lactobacilli are sensitive to SAB action even at a low dose of inclusion in
broiler diet. There were many studies proving the antibacterial effect of Salix alba both in vitro and
in vivo [4,7,10,11]. Among in vivo studies, only a few of them were conducted on broilers. For example,
some authors [7] showed that, even under heat stress, the dietary hydroglyceroalcoholic willow bark
extract (1%) significantly decreased E. coli and staphylococci populations in broiler caeca at 42 days.

The effect of SAB powder in this study might be attributed to its polyphenolic content and
antioxidant activity. This can be explained by the fact that lactobacilli are more susceptible to polyphenol
action and possess the capacity to decompose phenolics, delivering the energy to cells, therefore
supporting bacteria growth [46]. Phenolic compounds are recognized for their direct effectiveness
against pathogenic bacteria or impairment of the bond of pathogens in the intestine [47]. The mechanism
by which polyphenols act against the pathogenic bacteria is not fully clear. It might be by lowering
the pH of the intestinal environment, due to the capacity of these compounds to chelate iron, vital for
the survival of almost all bacteria [48], etc. Thus, the bioactive compounds of SAB powder can
serve to overcome the multiplication of pathogenic bacteria and stimulate the development of the
non-pathogenic ones (e.g., lactobacilli) only at a higher dose (0.05%).
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5. Conclusions

The paper highlighted that the dietary polyphenolic powder of Salix alba bark was able to improve
the oxidative status of broilers by promoting the protective activity of antioxidant enzymes against
oxidation. The improvement noticed on gut composition could be attributed to the phenolic compounds
of SAB, which could be useful to preserve the equilibrium between bacteria.

Author Contributions: Conceptualization, T.D.P., methodology, T.D.P., C.S., and M.S.; software, T.D.P., C.S., and
M.S.; formal analysis, C.P.P., C.N.P.; data curation, T.D.P. and M.S.; writing—original draft preparation, T.D.P. and
M.S.; writing—review and editing, T.D.P. and M.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Romanian Ministry of Research and Innovation, through PN 19 09 0102
and PN-III-P1-1.2-PCCDI-2017.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of the data; in the writing of the manuscript, or in the decision
to publish the results.

References

1. Surai, P.F. Antioxidant systems in poultry biology: Superoxide dismutase. J. Anim. Res. Nutr. 2016, 1, 1–17.
[CrossRef]

2. Mishra, B.; Rajesh, J. Oxidative stress in the poultry gut: Potential challenges and interventions. Front. Vet. Sci.
2019, 6, 60. [CrossRef]

3. Panaite, T.D.; Criste, R.D.; Saracila, M.; Tabuc, C.; Turcu, R.P.; Olteanu, M. The use of ascorbic acid and
Artemisia annua powder in diets for broilers reared under heat stress. Rom. Biotechnol. Lett. 2018, 23,
13976–13985. [CrossRef]

4. Saracila, M.; Panaite, T.D.; Soica, C.; Tabuc, C.; Olteanu, M.; Predescu, C.; Rotar, C.M.; Criste, R.D. Use of a
hydroalcoholic extract of Salix alba L. bark powder in diets of broilers exposed to high heat stress. S. Afr.
J. Sci. 2019, 49, 942–954. [CrossRef]

5. Csonka, C.; Sárközy, M.; Pipicz, M.; Dux, L.; Csont, T. Modulation of hypercholesterolemia-induced
oxidative/nitrative stress in the heart. Oxidative Med. Cell. Longev. 2016, 2016, 3863726. [CrossRef]

6. Gligoric, E.; Igic, R.; Suvajdžic, L.; Gruji’c-Letic, N. Species of the genus Salix L.: Biochemical screening and
molecular docking approach to potential acetylcholinesterase inhibitors. Appl. Sci. 2019, 9, 1842. [CrossRef]

7. Saracila, M.; Panaite, T.D.; Vlaicu, P.A.; Tabuc, C.; Palade, M.L.; Gavris, T.; Criste, R.D. Dietary willow bark
extract for broilers reared under heat stress. Bull. UASVM Anim. Sci. Biotechnol. 2018, 75, 92–98. [CrossRef]

8. Shara, M.; Stohs, S.J. Efficacy and safety of white willow bark (Salix alba) extracts. Phytother. Res. 2015, 29,
1112–1116. [CrossRef] [PubMed]

9. Zabihi, N.A.; Mahmoudabady, M.; Soukhtanloo, M.; Hayatdavoudi, P.; Beheshti, F.; Niazmand, S. Salix alba
attenuated oxidative stress in the heart and kidney of hypercholesterolemic rabbits. Avicenna J. Phytomed.
2018, 8, 63–72.

10. Pop, C.; Vodnar, D.; Ranga, F.; Socaciu, C. Comparative antibacterial activity of different plant extracts in
relation to their bioactive molecules, as determined by LC-MS analysis. Bull. UASVM Anim. Sci. Biotechnol.
2013, 70, 86–94. [CrossRef]

11. Sulaiman, G.M.; Hussien, N.N.; Marzoog, T.R.; Abood, A.H. Phenolic content, antioxidant, antimicrobial
and cytotoxic activities of ethanolic extract of Salyx alba. Am. J. Biochem. Biotechnol. 2013, 9, 41–46. [CrossRef]

12. Ishikado, A.; Sono, Y.; Matsumoto, M.; Robida-Stubbs, S.; Okuno, A.; Goto, M.; Makino, T. Willow bark
extract increases antioxidant enzymes and reduces oxidative stress through activation of Nrf2 in vascular
endothelial cells and Caenorhabditis elegans. Free Radic. Biol. Med 2013, 65, 1506–1515. [CrossRef] [PubMed]

13. European Union. Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010
on the Protection of Animals Used for Scientific Purposes. 2010. Available online: http://data.europa.eu/eli/
dir/2010/63/oj (accessed on 12 May 2020).

14. National Research Council (NRC). Nutrient Requirements of Poultry, 9th ed.; National Academy Press:
Washington, DC, USA, 1994.

http://dx.doi.org/10.21767/2572-5459.100008
http://dx.doi.org/10.3389/fvets.2019.00060
http://dx.doi.org/10.26327/RBL2018.159
http://dx.doi.org/10.4314/sajas.v49i5.18
http://dx.doi.org/10.1155/2016/3863726
http://dx.doi.org/10.3390/app9091842
http://dx.doi.org/10.15835/buasvmcn-asb:2018.0011
http://dx.doi.org/10.1002/ptr.5377
http://www.ncbi.nlm.nih.gov/pubmed/25997859
http://dx.doi.org/10.15835/buasvmcn-asb:70:1:9723
http://dx.doi.org/10.3844/ajbbsp.2013.41.46
http://dx.doi.org/10.1016/j.freeradbiomed.2012.12.006
http://www.ncbi.nlm.nih.gov/pubmed/23277146
http://data.europa.eu/eli/dir/2010/63/oj
http://data.europa.eu/eli/dir/2010/63/oj


Animals 2020, 10, 958 11 of 12

15. Gasparotto, J.; Kunzler, A.; Senger, M.R.; da Silva Freitas de Souza, C.; de Simone, S.G.; Bortolin, R.C.;
Somensi, N.; Dal-Pizzol, F.; Moreira, J.C.F.; Abreu-Silva, A.L.; et al. N-acetyl-cysteine inhibits liver oxidative
stress markers in BALB/c mice infected with Leishmania amazonensis. Mem. Inst. Oswaldo Cruz 2017, 112,
146–154. [CrossRef] [PubMed]

16. Singleton, V.L.; Orthofer, R.; Lamuela-Raventós, R.M. Analysis of total phenols and other oxidation substrates
and antioxidants by means of Folin-ciocalteu reagent. Methods Enzymol. 1999, 299, 152–178.
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