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ABSTRACT Plant extracts have been proved as nat-
ural antioxidants resources as well as alternative feed
additives in livestock and poultry species. Chestnut wood
extract (CWE) as a source of hydrolysable tannic acid
was used to evaluate the growth performance, nutrient
retention, meat quality, antioxidant status, and immune
function of broilers. A total of 168, day-old Arbor Acre
male broilers (weight 46.59 * 0.44 g) were randomly
divided to 3 treatments, 7 replicate pens per treatment, 8
broilers per pen. The treatments contain a control diet,
CON (corn-soybean meal basal diet); an antibiotic diet,
CTC (basal diet + 75 mg/kg chlortetracycline);
and chestnut wood extract diet, CWE (basal
diet + 1,000 mg/kg chestnut tannins). At the finisher
phase, final body weight was higher (P < 0.05) in CWE
supplemented diet than in CON. Average daily body
weight gain was higher (P < 0.05) and feed gain ratio was
lower (P < 0.05) in broilers fed CWE than in those fed
CON at the finisher phase. Crude protein digestibility
was higher (P < 0.05) in broilers offered CWE than that
in broilers fed CON and CTC diets. Breast muscle pH

value at 24 h (pHay 1,) was higher (P < 0.05) in broilers
fed CWE than that in those fed CON and CTC diets.
The bursa weight was higher (P < 0.05) in broilers
offered CWE than that in those fed CON and CTC.
Total antioxidant capacity (T-AOC), glutathione
peroxidase (GSH-Px), and superoxide dismutase (SOD)
values were higher (P < 0.05) in both breast muscle and
thigh muscle of broilers offered CWE supplemented diet
than those in broilers fed CON and CTC diets. Similarly,
broilers offered with CWE diets showed higher
(P < 0.05) T-AOC, GSH-PX, and SOD value in serum
than those fed CON and CTC diets. Serum concentra-
tion of IgG was higher (P < 0.05) in broilers offered with
CWE diets than that in those fed CON and CTC diets.
Total cholesterol, low-density lipoprotein cholesterol,
and urea-N concentration were lower (P < 0.05) in
broilers offered CWE diet than those in broilers fed CON
and CTC diets. It was recommended to supply CWE at
the 1,000 mg/kg level for improving antioxidant status,
cholesterol metabolism, and growth performance
without affecting normal meat quality in broilers.
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INTRODUCTION

Plant extracts have been studied as alternative feed
additives and were reported as good source of natural
antioxidant to improve animal production and health
status (Hu et al., 2017). However, plant extract contains
higher amount of polyunsaturated fatty acids that may
lead to oxidative stress in chickens (Gao et al., 2010).
Tannins are secondary plant metabolites that are
commonly classified under 2 groups, condensed tannins
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and hydrolysable tannins. Condensed tannins hold the
antinutritional factors and could decrease protein digest-
ibility because of its protein precipitation nature, and
thus, the long-term uses of condensed tannins could
decrease the growth performance and nutrient digestibil-
ity in monogastric animals (Smulikowska et al., 2001;
Liu et al., 2020). On the other hand, it is believed that
hydrolysable tannins have a positive role in growth per-
formance and health status in chickens (Schiavone et al..
2008). Hydrolysable tannic acid is made from wood
extract that has higher polyphenolic compounds
(Kumar and Vaithiyanathan, 1990; Liu et al., 2018).
Supplementation of tannins could improve the body
weight gain in rabbits (Liu et al., 2012) and broilers
(Dong et al., 2015; Xiong et al.,, 2016). However,
Jamroz et al. (2009) found that supplementation of
250 or 500 mg/kg chestnut tannins had no significant
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effects on body weight gain and feed-to-gain ratio,
whereas 1,000 mg/kg diets reduced the final body weight
in broilers. Furthermore, chestnut tannins could
improve intestinal morphology, cytokine expression,
and antioxidant activities in broilers (Liu et al., 2018).
Dietary supplementation of chestnut wood extract
(CWE) as hydrolysable tannins could reduce carcass
fat deposition and water-holding capacity of meat and
increase polyunsaturated fatty acids in fat tissues of
pigs (Rezar et al., 2017). Moreover, hydrolysable tannic
acid is commonly used in monogastric animals as a nat-
ural source of antioxidants (Biagi et al., 2010; Starcevi¢
et al., 2015). Dietary supplementation of antioxidant
can play a great role in improving the health status in
poultry. Oxidative stress is defined as the rise in reactive
oxygen species level, which could reduce the live weight
gain via altering normal metabolism and cause poor
meat quality by increasing plasma corticosterone level
which is associated with paler breast meat in broilers
(Kannan et al., 1997). In addition, oxidative stress in-
duces biological damage to DNA, proteins, and lipids
and is responsible for several health problems that affect
growth performance and productivity of livestock (Xing
et al., 2019). In a recent study, Ebrahim et al. (2015) re-
ported that hydrolysable tannic acid is effective in atten-
uating oxidative stress in broilers. In addition, Schiavone
et al. (2008) noted that feed ingredients rich in tannins
can be used as a substitute of antibiotics in poultry.
Voljc et al. (2013) also reported that sweet CWE could
reduce DNA damage and plasma malondialdehyde
(MDA) in broilers with a combination of a-tocopherol.

On the other hand, antibiotic has been used for few
years with a view to enhance growth performance and
health status in broilers (Mahfuz et al., 2019). But over-
application of antibiotics in food animal production has
created health hazards (Mahfuz et al., 2018a).
Currently, the European Union, the United States, and
other developed countries have prohibited the applica-
tion of in-feed antibiotics (Li et al., 2019; Long et al.,
2019). Thus, searching an alternative for in-feed antibi-
otics in poultry is given higher attention by the poultry
researchers (He et al., 2019). A great deal of research on
poultry nutrition focused on the utilization of different
feed grains rich in tannins, but little work has been car-
ried out using purified tannin as feed additives till now.

Therefore, the current experiment was conducted to
examine the hypotheses that dietary CWE as a source
of hydrolysable tannic acid can replace in-feed antibiotic
and improve the growth performance, nutrient digest-
ibility, meat quality, antioxidant status, immune func-
tion, and lipid metabolism in broilers.

MATERIALS AND METHODS

Experimental Design and Diets

The research was conducted at a broiler experimental
unit, China Agricultural University, and approved by An-
imal Care and Use Committee of China Agricultural Uni-
versity (Beijing, China; no. CAU-XSPLAB-B-2019-02).
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The CWE as a source of hydrolysable tannic acid was pro-
vided by the Gruppo Mauro SilvachimicaSrl (Cuneo,
Italy), which contained >75% tannin, crude
fiber <2.00%, ash <2.50%, and moisture <8.00%. Tannin
percent was measured by gravimetric analysis of vege-
table tannin agents and extracts by using the filter Frei-
berg hide powder method (Kuntzel, 1954). A total of
168, day-old Arbor Acre male broilers (weight
46.59 * 0.44 g) were randomly divided to 3 treatments,
7 replicate pens per treatment, 8 broilers per pen. All
broilers were kept in an environment-controlled room.
Brooding house temperature was 34°C, and it was
decreased by 3°C for per week until it reached 23°C and
thenremained constant. The treatments contain a control
diet, CON (corn-soybean meal basal diet); an antibiotic
diet, CTC (basal diet + 75 mg/kg chlortetracycline);
and chestnut wood extract diet, CWE (basal
diet + 1,000 mg/kg chestnut tannins). Two different
types of diets (starter diet for 0-21 D; finisher diet for
22-42 D) were considered to meet the nutrient levels fol-
lowed by National Research Council (National Research
Council, 1994) specification (Table 1). CWE and anti-
biotic were mixed with premix first and then mixed thor-
oughly with each basal diet via feed millers.

Growth Performance and Nutrient Retention

On day 21 and 42, followed by fasting for 12 h,
broilers were weighed to calculate average daily weight
gain, feed intake, and feed conversion ratio. Fecal sam-
ples were collected from day 40 to 42 in each pen, dried
in an oven (65°C) for 72 h, and used to prepare the
subsample. Diets and fecal subsamples were analyzed
for dry matter, organic matter, crude protein, and
ether extract (EE) according to the methods of
AOAC (2004). Chromium content (2 g/kg) that was
used as a marker was analyzed using an atomic absorp-
tion spectrophotometer (Z-5000 Automatic Absorp-
tion Spectrophotometer; Hitachi, Tokyo, Japan)
according to Williams et al. (1962). Gross energy was
determined via an automatic isoperibolic oxygen
bomb calorimeter (Parr 1281, Automatic Energy
Analyzer; Parr Instrument Company, Moline, IL).
OM was calculated using the following formula:

OM = 1—ash content(DM — base).

Meat Quality and Viscera Weight

On the morning of day 42, one bird per replicate
(n = 7) close to the average body weight was slaugh-
tered by cervical dislocation; viscera (liver, spleen,
thymus, and bursa), breast muscle, and thigh muscle
were collected; and then viscera percentage was
calculated.

The pH values at 45 min and 24 h postmortem of meat
sample (breast muscle) were measured at 3 locations via
portable pH meter (pH-star; Thermo Fisher, Matthaus,
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Table 1. Nutrient composition of experimental diets."

Start phase Finisher phase

Item (day 1-21) (day 21-42)
Soybean meal 30.44 24.05
Corn 58.17 64.26
Corn gluten meal 2.0 2.5
Fish meal 2.0 2.0
Soybean oil 3.38 3.6
Dicalcium phosphate 1.50 1.04
Limestone 1.30 1.35
Salt 0.30 0.30
L-Lysine, 78% 0.01 0.08
Methionine, 98% 0.14 0.04
Threonine, 98% 0.01 0.03
Chromic oxide 0.25 0.25
Premix’ 0.50 0.50
Total 100 100
Analyzed value
Dry matter 88.70 87.91
Crude protein 21.32 19.41
Calcium 1.0 0.90
Available phosphorus 0.45 0.35
Calculated value®
Metabolizable energy, MJ/kg 12.79 13.18
Total phosphorus 0.70 0.59
Digestible lysine 1.1 1.0
Digestible methionine 0.50 0.48
Digestible cysteine 0.32 0.28
Digestible threonine 0.83 0.73
Digestible methionine and cysteine 0.82 0.76

'Chestnut wood extract (1,000 mg,/kg) and antibiotic (chlortetracycline, 75 mg,/kg) were mixed with
premix and then mixed thoroughly with each basal diet.

*The premix provided the following per kilogram of diet: zinc, 60 mg; iron, 100 mg; manganese,
80 mg; copper, 10 mg; iodine, 0.35 mg; selenium, 0.3 mg; vitamin A, 10,000 IU; vitamin D3, 2,850 IU;
vitamin E, 30 IU; vitamin K3, 2 mg; vitamin B12, 1.2 mg; riboflavin, 6 mg; nicotinic acid, 40 mg;
pantothenic acid, 12 mg; pyridoxine, 3 mg; biotin, 0.2 mg; and choline chloride, 800 mg.

3These values were calculated from data provided by NRC (1994).

Germany). Duplicate measurement of sample was per-
formed, and the average values were considered as the
final values. Drip loss was measured according to
Cheng et al. (2019). Briefly, the samples were trimmed
and weighed and then placed in an inflated plastic bag
and hung for 24 h at 4°C. After 24 h, the samples were
weighed again. Drip loss was calculated as a percentage
based on weight before and after hanging. The color
value of breast muscle and thigh muscle was estimated
in duplicates using a chromameter (CR-410; Konica
Minolta, Tokyo, Japan). The test units L*, a*, and b*
indicated the lightness, redness, and the yellowness of
meat, respectively.

Analysis of Antioxidant Parameters

On day 42, blood samples were obtained from jugular
vein of euthanized birds (n = 7). Serum was prepared by
centrifuging at 3,000 X ¢ for 20 min at 4°C and was pre-
served at —80°C for analysis. Concentration of total
antioxidant capacity (T-AOC), superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px), and MDA in
serum, thigh muscle, and breast muscle were determined
by using an automatic biochemical analyzer (RA-1000;
Bayar Corp., Tarrytown, NY) using colorimetric
methods following the instructions of commercial assay

kits (Zhongsheng Biochemical Co., Ltd., Beijing,
China).

Analysis of Serum Immune and Lipid
Indices

The serum IgA, IgG, IgM, IL-6, IL-1 B, and tumor
necrotic factor-o. (TNF-0) were measured using ELISA
Kits (Shanghai Junshi Biosciences Co. Ltd., Shanghai,
China), and value was measured at 450 nm. The concen-
trations of total cholesterol (TC), triglyceride, high-
density lipoprotein (HDL) cholesterol, and low-density
lipoprotein (LDL) cholesterol in serum sample were
measured using commercial kits (Zhongsheng Biochem-
ical Co. Ltd., Beijing, China) via an automatic biochem-
ical analyzer (RA-1000; Bayer Corp., Tarrytown, NY).

Statistical Analysis

One-way ANOVA was applied via SPSS (2006). The
pen was the experimental unit. The effects of treatment
were partitioned into the main effects of CTC and CWE.
Duncan’s multiple range test was applied to separate the
statistical differences. Mean value and SEM were used to
express results. P < 0.05 is considered significant.
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RESULTS

Growth Performance of Broilers

Compared with control (CON), final body weight
(finisher phase) was higher (P < 0.05) in CWE-
supplemented diet. At the finisher phase, average daily
body weight gain was higher (P < 0.05) and feed gain ra-
tio was lower (P < 0.05) in broilers fed CWE than those
in broilers fed CON. However, no differences were found
when compared with antibiotic (CTC) diet. Similarly,
no differences were observed for all the performance pa-
rameters among the groups at the start and in the overall
period (Table 2).

Nutrient Retention

Crude protein digestibility was higher (P < 0.05) in
broilers fed CWE than that in those fed CON and
CTC diets. No significant differences were observed
for dry matter, organic matter, crude protein, gross en-

ergy, and EE retention in broilers among the groups
(Table 3).

Meat Quality and Viscera Organ Weight

The breast muscle pH value at 24 h (pHay 1,) postmor-
tem was higher (P < 0.05) in broilers fed CWE than
that in those fed CON and CTC diets, while there
were no significant differences for other parameters of
meat quality including drip loss percent and meat color
(Table 4).

The bursa weight was higher (P < 0.05) in broilers
offered CWE than that in those fed CON and CTC,
whereas no significant differences (P > 0.05) were noted
for other inner relative organ (liver, spleen, thymus)
weight (Table 5).
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Antioxidant Status in Muscle Tissue and
Serum

In breast muscle, T-AOC, GSH-PX, and SOD values
were higher (P < 0.05) in broilers offered CWE-
supplemented diet than those in broilers fed CON and
CTC diets (Table 6). Similarly in thigh muscle, T-
AOC, GSH-PX, snd SOD values were higher
(P < 0.05) in broilers offered CWE-supplemented diet
than those in broilers fed CON and CTC diets. However,
no significant differences were noted for MDA value
among the treatments of both samples.

Broilers offered with CWE diets showed higher
(P <0.05) T-AOC, GSH-PX, and SOD values in serum
than those fed CON and CTC diets (Table 6). MDA
value was not affected by CWE supplementation.

Immune Status in Serum

Serum concentration of IgG was higher (P < 0.05) in
broilers offered with CWE diets than that in those fed
CON and CTC diets (Table 7). No significant differ-
ences were noted for the other value of measured im-
mune subparameters (IgA, IgM, IL-6, IL-1B, TNF-a)
among the treatments in the serum sample of experi-
mental broilers.

Metabolic Indices in Serum

TC and LDL concentration were lower (P < 0.05) in
broilers offered CWE diet than in those fed CON and
CTC diets (Table 8). Urea-N concentration was lower
(P < 0.05) in CWE-supplemented diets than that in
CON and CTC diets. However, no significant effects
were noted for triglyceride and HDL concentration
among the treatments in this study.

Table 2. Effect of dietary chestnut wood extract supplementation on growth

. . 1
performance in broilers.

Item CON CTC CWE SEM P value
Starter phase (day 0-day 21)
Initial body weight (g) 46.92 46.32 46.54 0.44 0.611
Final body weight (g) 573.72 566.12 549.57 10.26 0.410
Average daily weight gain (g) 27.32 26.96 26.17 0.94 0.842
Average daily feed intake (g) 36.99 36.42 35.22 0.98 0.454
Feed-to-gain ratio (g/g) 1.35 1.35 1.34 0.02 0.941
Finisher phase (day 21-day 42)
Initial body weight (g) 573.72 566.12 549.57 10.26 0.410
Final body weight (g) 1993.1° 2067.2* 2028.9" 27.58 0.038
Average daily weight gain (g) 67.59" 71.48% 70.44* 1.20 0.022
Average daily feed intake (g) 105.14 104.77 101.91 2.97 0.715
Feed-to-gain ratio (g/g) 1.56° 1.47° 1.45° 0.04 0.032
Overall period (day 0-day 42)
Average daily weight gain (g) 47.46 49.22 48.31 0.63  0.063
Average daily feed intake (g) 71.07 70.60 68.57 1.66 0.832
Feed-to-gain ratio (g/g) 1.49 1.43 1.41 0.03 0.264

»PValues with different superscripts within the same row indicate a significant difference

at P < 0.05.

SEM, pooled standard error of the means. Level of significance at P < 0.05.
Abbreviations: CON, control; CTC, antibiotic (chlortetracycline); CWE, chestnut wood

extract.

'Data represented the mean value of 56 broilers per treatment.
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Table 3. Effect of dietary chestnut wood extract supplementation
on nutrient retention in broilers (%)."

LIU ET AL.

Table 5. Effect of dietary chestnut wood extract supplementation
on viscera organ weight in broilers (% live Weight).l

Item (%) CON CTC CWE SEM P value Ttem (% live weight) CON CTC CWE SEM P value
Dry matter 75.07 72.84 74.70 0.61 0.305 Liver 1.98 1.77 1.87 0.06 0.404
Organic matter 79.40 77.23 78.64 0.55 0.401 Spleen 0.13 0.12 0.11 0.01 0.452
Crude protein 62.20" 63.50" 65.38" 1.15 0.031 Thymus 0.25 0.21 0.26 0.02 0.501
Gross energy 77.65 75.74 77.39 0.57 0.358 Bursa 1.9° 22" 2.5% 0.02 0.036
Ether extract 92.24 92.66 91.85 0.42 0.773

*bValues with different superscripts within the same row indicate a
significant difference at P < 0.05.

SEM, pooled standard error of the means. Level of significant at
P < 0.05.

Abbreviations: CON, control; CTC, antibiotic (chlortetracycline);
CWE, chestnut wood extract.

'Data represented the mean value of 7 sample per treatment.

DISCUSSION

In this experiment, the CWE was used as source of
hydrolysable tannic acid in broiler diets which contained
more than 75% tannins. Our present study did not find
any significant differences in broiler performances during
the overall experimental period. Similar to the current
finding, Jamroz et al. (2009) did not find any significant
effects on body weight gain and feed-to-gain ratio in
broilers fed chestnut tannins (250 or 500 mg/kg). In
addition, Brenes et al. (2008) used grape pomace
(condensed tannins about 1,500 mg/kg) at different
levels (15 mg, 30 mg, and 60 mg/kg) in broiler diets
and did not find any significant difference in body weight
gain and feed intake compared with control, which was
similar to our present finding. We hypothesized that
the supplementation dosages of CWE might be smaller
to change the performances parameters during the over-
all experimental period (day 1-42). In addition, Candek-
Potokar et al. (2015) reported that there were no signif-
icant effects on average daily gain and gain-to-feed ratio
in pigs fed with tannin-supplemented diets. However, we
have observed a higher final body weight and daily body
weight gain at the finisher period, which was due to the
higher crude protein retention in T A-supplemented diets
of experimental broilers. Schiavone et al. (2008) reported
that the final body weight was higher in experimental
broilers offered natural extract of chestnut wood at
0.2% level, which was also similar with our current find-
ings. Similarly, some past studies reported that several
tannin sources could improve growth performance in

Table 4. Effect of dietary chestnut wood extract supplementation
on meat quality in broilers.

Item CON CTC CWE SEM P value
pH-45 min 6.69 6.73 6.67 0.05 0.162
pH-24 h 5.84" 6.02*P 6.16* 0.01 0.027
Drip loss (%) 2.79 3.13 2.82 0.23 0.478
L* 47.46 46.84 47.06 0.56 0.723
a* 2.41 2.59 2.81 0.15 0.593
b* 9.06 8.20 8.86 0.51 0.391

SEM, pooled standard error of the means. Different superscript lower-
case letters in the same row means significantly different at P < 0.05.

Abbreviations: CON, control; CTC, antibiotic (chlortetracycline);
CWE, chestnut wood extract.

'Data represented the mean value of 7 samples per treatment.

SEM, pooled standard error of the means. Different superscript lower-
case letters in the same row means significantly different at P < 0.05.

Abbreviations: CON, control; CTC, antibiotic (chlortetracycline);
CWE, chestnut wood extract.

'Data represented the mean value of 7 sample per treatment.

pigs and chickens as well (Brus et al., 2013; Starcevi¢
et al., 2015).

Higher crude protein digestibility in our trail was
similar to the results noted by Brufau et al. (1998) who
used heat treatment of faba bean (Vicia faba L) that
contains tannin in Leghorn chickens. We hypothesized
that CWE as a source of hydrolysable tannins was well
absorbed and enhanced digestive enzyme activities in
the gastrointestinal tract of experimental broilers that
may had a role in improving crude protein digestibility
in this study. Molino et al. (2018) observed that chestnut
hydrolysable tannins were easily available for microbial
fermentation as it has prebiotic activity that may be
beneficial for nutrient utilization. However, Schiavone
et al. (2008) did not find any significant differences in di-
gestibility of dry matter, EE, and energy in broilers
offered chestnut tannins which justified our present find-
ings. Data regarding the effects of hydrolysable tannins
on nutrient digestibility in broilers are still scarce. The
actual mechanism to increase relative bursa weight in
the present trail was not clear. However, we hypothesize
that it may be associated with better immunity of birds
fed CWE. The bursa is a very important central immu-
nity organ, which is an indicator of better health status
and good physiological response to body immune system

Table 6. Effect of dietary chestnut wood extract supplementation
on muscle tissue and serum antioxidant status in broilers.'

Ttem CON CTC CWE SEM Pvalue
Breast muscle
T-AOC (U/mg) 0.90" 0.80" 0.96  0.03  0.014
GSH-PX (U/mg)  79.40" 74.17¢ 91.41* 34 0.042
SOD (U/mg) 7.12%P 6.61° 7.89° 025  0.032
MDA (nmol/mg) 0.59 0.50 0.53 0.02 0.337
Thigh muscle
T-AOC (U/mg) 1.01° 0.86" 1.11a  0.03  0.022
GSH-PX (U/mg)  84.83" 83.77" 89.07"  1.97  0.031
SOD (U/mg) 8.45" 9.07" 10.48*  0.28  0.003
MDA (nmol/mg) 0.65 0.58 0.60 0.02 0.478
Serum
T-AOC (U/mL) 7.79" 8.55™" 928" 022  0.011
GSH-PX (U/mL) 82540  855.39™" 880.45" 874  0.021
SOD (U/mL) 24.09° 26.31" 29.24*  0.68  0.001
MDA (nmol,/mL) 5.52 5.62 523 020  0.726

SEM, pooled standard error of the means. Different superscript lower-
case letters in the same row means significantly different at P < 0.05.

Abbreviations: CON, control; CTC, antibiotic (chlortetracycline);
CWE, chestnut wood extract; GSH-Px, glutathione peroxidase; MDA,
malondialdehyde; SOD, superoxide dismutase; T-AOC, total antioxidant
capacity.

'"Data represented the mean value of 7 sample per treatment.
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Table 7. Effect of dietary chestnut wood extract supplementation
on serum immune parameters in broilers.'

Ttem CON CTC CWE  SEM  Pvalue
IgA (g/L) 4.27 4.25 4.26 0.05 0.983
IgG (g/L) 2.28" 2.29" 238  0.03 0.033
IgM (g/L) 1.68 1.68 1.64 0.02 0.655
1L-6 (pg/mL) 12532 13315  128.66 1.36 0.070
IL-1B (pg/mL) 27.97 26.92 24.80 1.51 0.163
TNF-o (pg/mL) 47.47 51.73 47.86 1.16 0.267

SEM, pooled standard error of the means. Different superscript lower-
case letters in the same row means significantly different at P < 0.05.

Abbreviations: CON, control; CTC, antibiotic (chlortetracycline);
CWE, chestnut wood extract; IgA, immunoglobulin A; IgG, immuno-
globulin G; IgM, immunoglobulin M; IL-6, interleukin-6; IL-1p, inter-
leukin1f; TNF-o, tumor necrotic factor-o.

'Data represented the mean value of 7 sample per treatment.

in poultry (Mahfuz et al., 2018b). The other relative or-
gans’ weight did not differ via CWE supplementation in
our study, which ensured the normal health status of
broilers fed CWE during the experimental period. This
is in agreement with the study of Jamroz et al. (2009)
who noted that the inner organs’ weight (liver, gizzard,
heart, giblets) was not affected in broilers offered sweet
chestnut tannins.

Manipulation of diets by different treatments can
improve the meat quality in poultry (Cheng et al.,
2019). The higher pH value at 24 h (pHay },) in the breast
muscle of broilers fed CWE-supplemented diets might be
a good indicator of meat quality because its declining
rate is associated to meat tenderness (Lonergan et al.,
2010; Guimaraes et al., 2014). Lower pH and water-
holding capacity increased the loss of soluble nutrients
which ultimately led to a poor meat quality (Ozturk
et al., 2011). However, this study did not find any signif-
icant differences in meat color and dressing percent,
which highlighted that feeding CWE had no unpleasant
effects on meat quality in broilers. We also hypothesized
that dietary inclusion of CWE up to 1,000 mg/kg does
not affect the overall meat quality in broilers, which
may probably be the lowest level of supplementation in
diets. Similar to our finding, dietary supplementation
of sweet chestnut tannins had no effects on meat color
in pigs (Rezar et al., 2017).

This study assumed that CWE contains hydrolysable
tannic acid that may have had a role in increasing the
value of T-AOC, SOD, and GSH-PX in serum, breast

Table 8. Effect of dietary chestnut wood extract supplementation
on serum metabolic indices in broilers.’

Item CON CTC CWE SEM P value
TC (mmol /L) 1.55" 1.60" 119" 0.07 0.023
TG (mmol/L) 0.36 0.33 0.32 0.02 0.705
HDL (mmol/L) 1.03 1.01 0.96 0.03 0.614
LDL (mmol/L) 0.31* 0.30* 0.19" 0.02 0.035
Urea-N (mmol/L) 1.23% 1.24* 1.19" 0.03 0.023

SEM, pooled standard error of the means. Different superscript lower-
case letters in the same row means significantly different at P < 0.05.

Abbreviations: CON, control; CTC, antibiotic (chlortetracycline);
CWE, chestnut wood extract; HDL, high-density lipoprotein cholesterol;
LDL, low-density lipoprotein cholesterol; TC, total cholesterol; TG,
triglyceride.

'"Data represented the mean value of 7 sample per treatment.
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muscle, and thigh muscle samples of broilers. A previous
study reported that the extracts of chestnut skins had
antioxidant properties, particularly against lipid peroxi-
dation (Barreira et al., 2008). In a recent study, Liu et al.
(2018) noted that inclusion of 2 g/kg chestnut tannins
could increase T-AOC and SOD values in the jejunal
mucosa of broilers. On the other hand, Starcevié¢ et al.
(2015) found higher oxidative susceptibility of the liver
and breast muscle in broilers fed tannic acid at the 5-
g/kg level. Similarly, Dong et al. (2015) found that
broilers fed with polyphenolic extracts as tannins had
higher T-AOC, SOD, and GSH-PX values in intestinal
epithelial cell line-6. Moreover, Brenes et al. (2008)
noted higher antioxidant activities in serum and breast
muscle of broilers offered grape pomace (tannins about
1,500 mg/kg) at 60 g/kg. With the contrast of the study
by Liu et al. (2009), MDA levels in muscle were lower in
rabbits fed chestnut tannins. Volj¢ et al. (2013) also
found lower plasma MDA in broilers fed with sweet
chestnut wood and o-tocopherol. The differences of
MDA values may be associated with animal species, dos-
ages, and interaction of diets in treatment. Collectively,
the significant positive role on antioxidant status in
serum and muscle tissue indicated that supplementation
of CWE may be used as a potential natural antioxidant
in broiler diets.

In the present research, serum IgG was increased in
broilers fed with CWE which could be beneficial because
of their fast-growing nature and susceptibility to envi-
ronmental stressors. IgG is a leading antibody for
mucosal immunity that can neutralize pathogens via
the nonspecific defense system of body. Previous study
also showed that immunity was influenced by improving
the antioxidant status of broilers (Igbal et al., 2015).
However, this study did not observe any significant dif-
ferences in proinflammatory cytokines. Liu et al.
(2018) reported that IL-6 and TNF-o concentration of
jejuna mucosa were decreased in heat-stressed broilers
offered chestnut tannins. As the present experiment
was conducted in normal condition, the optimum level
of proinflammatory cytokines expression was expected.
In this study, we have applied only one dosage of
CWE; thus, this study could not conclude the firm role
of CWE supplementation in immune function in
broilers. Therefore, we suggest for further research to
investigate the role of CWE at different levels of supple-
mentation in immune function in broilers.

This study also ensured the positive role of CWE in
cholesterol metabolism (TC and LDL) in broilers. We
hypothesized that CWE may have had a role in reducing
the activity of hepatic 3-hydroxy-3-methyle glutaryl co-
enzyme A in experimental broilers. Abdulkarimi et al.
(2011) reported that MHG-CoA is the key regulatory
enzyme for cholesterol synthesis. Furthermore, addi-
tional fiber in chestnut wood may play a role in reducing
cholesterol concentration in serum of experimental
broilers via improving metabolism. Similar to the cur-
rent finding, Starcevié et al. (2015) found a lower choles-
terol concentration in serum of broilers fed tannic acid at
5 g/kg level. In addition, TC and LDL concentration
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were found to be lower in broilers fed tannins containing
thyme extract (Abdulkarimi et al., 2011). On the other
hand, hypercholesterolemia and LDL concentration in
tissue were associated with endothelial dysfunction and
abnormal inflammation (Barbalho et al., 2009). Our
study showed that supplementation of CWE could
reduce the level of uric acid in serum of broilers than non-
supplemented diets. Urea-N is a microbial product and
harmful for bird’s health (Abd El-Hack et al., 2017).
We hypothesized that serum uric acid level was closely
related to higher crude protein retention in this experi-
ment. A high concentration of urea-N in serum is a risk
indicator of cardiovascular diseases, whereas the low
concentration of uric acid has protective effects on oxida-
tive stress in body (Glantzounis et al., 2005). In addition,
the higher concentration of urea nitrogen in serum was
reported as transport stressor in broilers (Pan et al.,
2018a,b).

CONCLUSION

Broiler diets supplemented with CWE at 1,000 mg/kg
level can be applied to improve antioxidant status, choles-
terol metabolism, and growth performance without
affecting normal meat quality. Thus, the supplementation
of CWE as a potential natural antioxidant as well as an an-
tibiotics substitute can be another strategy to improve the
antioxidant status and growth performance in broilers.
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