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ABSTRACT This study investigated the effects of
trans-anethole (TA) supplementation on the carcass
characteristics, meat quality, fatty acid, and amino acid
profiles of breast muscle in broilers. A total of 40 one-day-
old male broiler chicks (Arbor Acres) were randomly allo-
cated to 5 treatments, respectively, fed a corn-soybean
basal diet supplemented with 0 (control), 200, 400, 600,
and 800 mg TA /kg diet for 42 d. 600 mg/kg of TA sup-
plementation decreased (P < 0.05) serum triglycerides
(TG) on d 21 and d 42, and high density lipoprotein cho-
lesterol (HDL-C) concentration on d 21, but increased
(P < 0.01) serum HDL-C concentration on d 42. Dietary
supplementation of TA increased (P < 0.01) the half
chamber rate (HCR) and eviscerated rate (ER) of

broilers. The drip loss (storing 24 and 48 h) and cooking
loss of breast muscle in 600 mg/kg TA groups were lower
(P < 0.05) than those in control group. The concentration
of palmitoleic acid, daturic acid, oleic acid, linoleic acid,
a-Linolenic acid, eicostrienoic acid, and pentosapentanoic
acid (EPA), MUFA, and PUFA in the breast muscle
were higher (P < 0.05) in the 600 mg/kg of TA group
compared with other groups. Dietary inclusion of
600 mg/kg of TA also increased (P < 0.05) the concentra-
tion of Met, Thr, Asp, Ser, and Glu in breast muscle,
tended to increase (P = 0.069) the Lys concentration. In
conclusion, results indicated that T'A inclusion improved
the lipid metabolism, meat quality, fatty acid composi-
tion, and amino acid profile of breast muscle in broilers.
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INTRODUCTION

In the recent years, the high-density intensive feeding
mode has been rapidly developed to meet the high
demands of broiler meats by consumers. However, in
this case, birds are more susceptible to stresses such as
oxidative stress and pathogenic diseases. The occurrence
of stress resulted in an inferior effect on meat quality
(Yang et al., 2019). With the consumer demands for
safer, healthier, and tastier meat, the flavor and quality
of meat has gained more and more attention
(Cheng et al., 2017). The breast muscle of broilers is the
preferred parts of consumers. The chemical composition
of chicken meat, including the amino acid and fatty acid
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profiles, is of great concern to consumers, and becomes
the focus of research due to their direct association with
cardiovascular diseases in humans (Waheed et al.,
2018). Polyunsaturated fatty acids (PUFA) are consid-
ered as flavor and functional ingredients to prevent car-
diovascular disease (Simopoulos, 2001). The use of
natural plant essential oils in improving meat quality
with antioxidant and antimicrobial activities has been a
worldwide research hotspot. Previous study showed that
botanical extracts significantly increased the concentra-
tion of amino acids, and unsaturated fatty acids in
broiler meat, indicating its role on improving meat qual-
ity (Waheed et al., 2018). Cheng et al. (2017) demon-
strated that dietary oregano essential oil enhanced the
sensor attributes by improving w-3 PUFA proportion in
pork meat.

Trans-anethole (TA) is a volatile anise flavoring con-
stituent of many essential oils of medicinal aromatic
plants of more than 20 species (e.g., fennel, anise, and
star anise). Its antimicrobial and antioxidant activities
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have been widely reported (Senatore et al., 2013;
Hanger Aydemir et al., 2018; Sa et al., 2018;
Wieczyniska and Cavoski, 2018). TA has been generally
recognized as safe by the FDA and widely used as an
odorant in foods, cosmetics, alcoholic beverage, and per-
fumes (Sheikh et al., 2015; Aprotosoaie et al., 2016). It
was reported that TA greatly improved the overall fresh-
ness, odor, and quality of active packaging for organic
ready-to-eat iceberg lettuce (Wieczynska and Cav-
oski, 2018). However, to the best of our knowledge, no
research has been conducted on the investigation of the
effects of long-term TA supplementation on chicken fla-
vor and quality. The objective of the present study was
to investigate the effects of TA supplementation on lipid
metabolism, carcass characteristics, meat quality, fatty
acid, and amino acid profiles of breast muscle in broilers.

MATERIALS AND METHODS
Preparation of TA

TA was purchased from Nanjing Dilger Medical Tech-
nology Co., Ltd (Nanjing, China) (purity, 98.35%). The
TA was stored in glass bottles in the dark and stored at
4°C until use.

Animals, Experimental Design and Diets

All the procedures carried out in the study were
approved by the Institutional Animal Care and Use
Committee of Nanjing Agricultural University (Nanjing,
China). A total of 40 one-day-old male broiler chicks
(Arbor Acres) with similar initial body weight (BW) of
39.75 £ 0.47 g were obtained from a commercial hatch-
ery (Yantai Land Animal Husbandry Co., Ltd, Yantai,
China). All of the birds were randomly allocated to 1 of
5 treatment groups based on initial BW with 8 replicates
of 1 bird per replicate. The treatment groups were basal
diet supplemented with 0 (control group), 200, 400, 600,
and 800 mg of TA /kg of diet. The experimental period
lasted for 42 d. The experimental diets were based on
corn-expanded soybean meal and formulated to meet
nutrient requirements recommended by Feeding Stan-
dard of chicken of the People’s Republic of China (NY/
T 33-2004) for the starter (1—21 d) and grower (22—42
d) birds. Ingredients and nutrient contents of the basal
diet were presented in Table 1. The TA was firstly mixed
with soybean oil and then mixed with other ingredients.
All birds were kept in an environmentally controlled
room and provided with ad libitum access to feed and
water. The temperature was kept at 35°C at the first
week and was reduced linearly by 0.5°C per day to a
temperature of approximately between 21°C and 26°C.

Sampling

On d 21 and d 42, five mL of blood was collected into
coagulation-promoting tube from the wing vein of birds
(8 birds per treatment). The serum was obtained by

centrifuging the blood at 3,000 x ¢ for 10 min. The
serum supernatants were subsequently transferred into
1.5 mL centrifuge tubes and stored at —20°C until lipid
metabolism parameters analysis.

On d 42, eight birds per treatment were electrically
stunned, weighted, and sacrificed by cervical dislocation.
The half chamber rate (HCR) was determined by
removed organs except the hearts, livers, stomachs,
lungs, and kidneys. Then the heads, feet, neck, and
organs except lungs and kidneys were all discarded and
weighted to calculate the eviscerated rate (ER) follow-
ing Ding et al. (2020). Then, the left breast muscle were
collected and used for the physical parameters analysis.
Meanwhile, 15 g of right breast muscle in the same posi-
tion of individual bird was removed and rapidly frozen
in liquid nitrogen, later stored at —80°C for fatty acid
composition, and amino acid profile analyses.

Serum Lipid Metabolism Parameters

The concentration of triglycerides (T'G), total choles-
terol (T'C), high density lipoprotein cholesterol (HDL-
C), and low density lipoprotein cholesterol (LDL-C) in
the serum were determined by using Assay Kit (Jian-
cheng Bioengineering Institute, Nanjing, China) com-
bined with a UV Spectrophotometer (Shimadzu Co.,
Ltd, Japan) following the manufacturer’s instructions.

Carcass Characteristics
The carcass parameters were measured according to

the Agricultural Industry Standard of People’s Republic

Table 1. Ingredients and nutrient composition of the basal diets'
(%, as-fed basis).

Ingredients Starter (1-21d)  Grower (22—42d)
Corn 55.60 54.40
Expanded soybean meal (46% 29.00 24.15
CP)

Cottonseed meal 2.50 3.00
Wheat flour 4.00 4.00
Hydrolyzed feather meal 1.50 1.50
Soybean oil 2.00 7.25
Dicalcium phosphate 0.90 0.80
Limestone 1.50 1.50
Bentonite 1.00 1.00
Premix’ 2.00 2.00
Titanium dioxide 0.00 0.40
Nutrient levels”

ME, MJ /kg 12.11 13.44
CP 21.50 19.51
Calcium 0.96 0.84
Total phosphorus 0.66 0.55
Lys 1.45 1.40
Met 0.54 0.50
Thr 0.91 0.80

The experimental diet was the same basal diet supplemented with 200,
400, 600, 800 mg of TA /kg of the basal diet.

2Supplied per kilogram of diet: vitamin A, 11,500 IU; cholecalciferol,
3,500 1U; vitamin E, 30 mg; vitamin K3, 5 mg; thiamin, 3.38 mg; ribofla-
vin, 9.0 mg; pyridoxine, 8.96 mg; vitamin By, 0.025 mg; choline chloride,
800 mg; calcium pantothenate, 13 mg; niacin, 45 mg; biotin, 0.15 mg; folic
acid, 1.20 mg; Mn, 60 mg; Fe, 66.5 mg; Zn, 88 mg; Cu, 8.8 mg; I, 0.70 mg;
Se, 0.288 mg.
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of China (NY /T 823-2004) and calculated by the follow-
ing equation.

Percentage of carcass yield (PCY, %)

= Carcass weight /Live weight x 100

HCR(%) = Half chamber weight /Live weight x 100

ER (%) = Eviscerated weight /Live weight x 100

Breast musclerate (BMR, %)

= Breast weight /Eviscerated weight x 100

Thigh muscle rate (TMR, %)

= Thigh weight /Eviscerated weight x 100

Physical Parameters

The left fresh breast muscle samples were used in the
following order: 1) 3.0-cm-thick chop used for pH mea-
surement after stored at 4°C for 45 min and 24 h; 2) 3.0-
cm-thick chop used for objective fleshcolor measurement
(L* a* and b*) after stored at 4°C for 24 h; 3) 4.0-cm-
thick chop used for drip loss measurement; 4) 4.0-cm-
thick chop used for cooking loss measurement after
stored at 4°C for 24 h.

All the physical parameters determination of the breast
muscle was performed with the method as described by
Cheng et al. (2017). Measurements of pH were performed
using a portable pH meter (HI9125, HanNa Instruments,
Ttaly), and the reading of pH was conducted after pH
meter stabilizing for 15 s. The electrode was flushed using
specified buffer solution when measuring different samples.
Objective color measurements (L*, a*, b*) were performed
from a mean of 3 random position in the same muscle
sample with a chromameter (NR60CP, 3nh Technology
Co., Ltd, Shenzhen, China) under normal light conditions.
Shortly, a rectangular piece of muscle (4 x 2 x 1 cm?)
was weighted and recorded as W1, subsequently placed in
a plastic container on a grid parallel with a paper clip to
the fiber direction (Honikel, 1998). The weight loss per-
centages after 24 h and 48 h of storage at 4°C were calcu-
lated for drip loss analysis. A fresh slice of breast muscle
(4 x 3 x 1 cm®) from each sample was weighed, placed in
a self-sealing bag, and cooked to an internal temperature
of 70°C for 15 min in a 80°C water bath (Honikel, 1998).
Then water cooling, blotted dry, and weighed. The drip
loss and cooking loss was calculated as (initial
weight — final weight) / initial weight x 100.

Analysis of the Fatty Acid Composition

Lipids were extracted from breast muscle samples
with chloroform-methanol according to the method of

Folch et al. (1957). NaOH/methanol was used to pre-
pare fatty acid methyl esters for gas chromatography
determination. Fatty acid compositions were deter-
mined with a 7890A Gas Chromatograph (Agilent Tech-
nologies Co., Ltd, Palo Alto, CA) equipped with a flame
ionization detector, and a SP-2380 Capillary Chro-
matographic Column (Anpel Laboratory Technologies
Inc. Shanghai, China) for fatty acid methyl esters (100
m x 0.25 mm x 0.20 um). The fatty acids were identi-
fied by comparing the retention times of the peaks with
those of known standard substance (Anpel Laboratory
Technologies Inc. Shanghai, China). The calculation of
fatty acid compositions were performed by internal stan-
dard method as described by Luo et al. (2009).

Analysis of the Amino Acid Profile

Shortly, 100 mg of fresh breast muscle samples were
hydrolyzed in the ampoule bottle using 6 N hydrochloric
acid at 110°C for 24 h. The ampoule bottle was sealed
under an atmosphere of N to prevent amino acid
oxidation. The amino acid profile of the meat samples
was determined according to the method of
Adeola et al. (2008) using an HPLC-based automatic
amino acid analyzer (LA8080, Hitachi high-technologies
Co. Ltd, Japan). Post-drying samples were dissolved in
citrate buffer (2.2 pH) solution followed by filtration
with 0.22-pm filter membrane (aqueous phase) to obtain
a clear solution of the free amino acids for post-column
derivation of amino acids.

Statistical Analysis

All data were analyzed by one-way ANOVA using the
GLM procedure of SAS (version 9.2; SAS Institute,
Cary, NC). Each bird was considered as the experimen-
tal unit. Differences among means were analyzed by
Tukey’s HSD test method. The data was presented as
the means with the standard error of the mean (SEM).
The significance for all analyses was indicated as
P <0.05.

RESULTS
Serum Lipid Metabolism Parameters

Compared to control group, 600 mg/kg of TA supple-
mentation decreased (P < 0.05) serum TG on d 21 and d
42, and HDL-C concentration on d 21, but increased
(P < 0.01) serum HDL-C concentration on d 42
(Table 2). The serum TC and LDL-C were not affected
(P> 0.05) by TA inclusion.

Carcass Characteristics

The effects of TA supplementation on carcass charac-
teristics are shown in Table 3. Dietary supplementation
of TA increased (P < 0.01) the HCR and ER, but had
no effect on PCY, BMR, and TMR (P > 0.05).
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Table 2. Effects of dietary TA supplementation on the serum
lipid metabolism parameters of broilers.

Dietary TA concentration, mg/kg

Ttem! 0 200 400 600 800 SEM P-value
21d

TG, mmol /L 0.70™ 0.69™ 0.79" 0.54" 0.62"" 0.026 0.041
TC, mmol/L 2.64 248 246 239 265 0.063 0.592
HDL-C,mmol/L 0.46* 028" 0.11> 0.20° 017" 0.036 0.035

LDL-C,mmol/L 0.10  0.09 0.09 0.13 014 0011 0.467
42d

TG, mmol /L 1.46°  1.34" 143" 1.14" 1.38" 0.060 0.038
TC, mmol/L 2.27 260 259 220 227 0078 0.226
HDL-C,mmol/L 0.21" 023" 0.35"" 0.53" 0.54* 0.040 0.009
LDL-C,mmol/L  0.20 025 025 015 021 0.022 0.489

*PMeans in the same row with different letters differ significantly (P <
0.05). Data are means for 8 birds per treatment.

! Abbreviations: HDL-C, high density lipoprotein cholesterol; LDL-C,
low density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol.

Table 3. Effect of dietary TA supplementation on the carcass
characteristics of broilers.

Dietary TA concentration, mg/kg

Item' 0 200 400 600 800 SEM  P-value
PCY 9151 9124  90.66  91.61 91.71  0.153  0.217
HCR 77.68" 78.92" 7982 80.72" 79.57"" 0.249  0.008
ER 66.89” 68.76"" 70.16°  70.01° 71.08" 0.310  0.002
BMR 25.60 2621 2648 2744 26.87 0411  0.687
TMR 10.12  10.71 10.76  11.50 1044  0.174  0.167

»PMeans in the same row with different letters differ significantly (P<
0.05). Data are means for 8 birds per treatment.

! Abbreviations: BMR, breast muscle rate; ER, eviscerated rate; HCR, half
chamber rate; PCY, percentage of carcass yield; TMR, thigh muscle rate.

Physical Parameters of Meat Quality

The pH values, and color indices (objective color
measurements) are shown in Table 4. Compared with
control group, 600 mg/kg of TA addition tended
(P = 0.056) to increase pHysmin. No effects of TA were
detected on pH values (24 h), and color indices (24 h).

The changes of drip loss and cooking loss of broiler
breast muscle in connection with dietary TA concentra-
tion are presented in Figure 1. Six hundred mg/kg of TA
significantly decreased drip loss (storing 24 and 48 h)
and cooking loss of breast muscle compared with non-
supplemented group.

Fatty Acid Composition

As shown in Table 5, the concentration of palmitoleic
acid, daturic acid, oleic acid, linoleic acid, a-linolenic

acid, eicostrienoic acid, and pentosapentanoic acid
(EPA) in breast muscle of broilers were higher (P <
0.05) in the 600 mg/kg of TA group compared with
other groups. Furthermore, broilers fed with 600 mg/kg
of TA had higher (P < 0.05) percentages of MUFA and
PUFA in breast muscle compared with other groups. No
significant difference in docosahexaenoic acid (DHA)
and total SFA of breast muscle were detected among
treatment groups.

Amino Acid Profile

Amino acid profile in breast muscle of broilers is
shown in Tables 6 and 7. Results indicated that dietary
inclusion of 600 mg/kg of TA increased (P < 0.05) the
concentration of Met, Thr, Asp, Ser, and Glu in breast
muscle compared with other groups. In addition, the
Lys concentration tended to be increased (P = 0.069) by
600 mg/kg of TA inclusion. There was no significant dif-
ference in the level of Ile, Leu, Val, His, Arg, Phe, Gly,
Ala, Cys, and Tyr among treatment groups.

DISCUSSION

The star anise fruits have been used in traditional Chi-
nese medicine and food industry for many years
(Li et al., 2013). Biological activities of star anise oil
(SAO), including antimicrobial, antioxidant, and
growth promoting, have been widely reported
(Huang et al., 2018; da Rocha Neto et al., 2019). In our
previous studies, we found that inclusion of SAO
enhanced yolk antioxidant status of laying hens, sug-
gesting that SAO may extend shelf life of eggs (Yu et al.,
2018). It was reported that star anise extract had good
antioxidant and antibacterial activities in chilled pork
patties (Yin et al., 2014). Moreover, SAO could increase
the flavor of breast muscle by increasing the concentra-
tion of inosinic acid (Ding et al., 2020). These encourag-
ing findings indicated that SAO may be used for
improving the flavor and quality of chicken meat. How-
ever, as the main active constituent of SAQO, there is lim-
ited data regarding the effects of TA on meat quality of
broilers. Based on that, this study was conducted to
investigate the effects of TA (the main active constitu-
ent of SAO) on serum lipid metabolism parameters,
carcass characteristics, meat quality, fatty acid composi-
tion, and amino acid profile of breast muscle in broilers,
and identify whether the beneficial effects of SAO on

Table 4. Effect of dietary TA supplementation on the physical parameters of breast muscle in broilers.

Dietary TA concentration, mg/kg

Item 0 200 400 600 800 SEM P-value
pH, 45 min 6.34°" 6.23" 6.29"" 6.38" 6.34"" 0.016 0.056
pH, 24 h 5.93 5.88 5.86 5.82 5.80 0.015 0.108
Color indices, 24 h
Lightness, L* 51.00 52.00 51.53 49.40 50.98 0.430 0.403
Redness, a* 4.68 4.28 4.02 5.23 4.75 0.196 0.360
Yellowness, b* 10.46 10.10 10.36 9.82 10.13 0.207 0.883

*P)Means in the same row with different letters differ significantly (P < 0.05). Data are means for 8 birds per treatment.
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Figure 1. Breast muscle drip loss and cooking loss. (A) Drip loss (storing 24 h), P < 0.001; (B) drip loss (storing 48 h), P = 0.001; (C) cooking
loss, P = 0.049. Values are means (n = 8), with their standard errors represented by vertical bars.

Table 5. Effect of dietary TA supplementation on fatty acid composition (%) of breast muscle in broilers.

Dietary TA concentration, mg/kg

Ttem' 0 200 400 600 800 SEM? P-value

C14:1n-9c 6.70 6.73 6.10 6.34 5.18 0.253 0.402
C15:0 44.09 38.39 37.53 40.10 40.19 0.702 0.064
C16:0 13.75 14.89 14.89 15.16 15.07 0.210 0.215
C16:1n-9¢ 0.37" 0.25" 0.23" 0.42" 0.17" 0.020 0.010
C17:0 0.24" 0.21" 0.80" 0.82" 0.39" 0.062 0.015
C18:0 10.56 10.58 10.25 10.30 8.96 0.235 0.289
C18:1n-9t 7.15" 7.18" 7.75"" 10.65" 763" 0.225 0.001
C18:1n-9¢ 1.45" 1.38" 1.93° 2.16" 1.49" 0.082 0.023
C18:2n- 9,12t 0.15" 0.41*" 0.24" 1.25" 0.50"" 0.037 <0.001
C18:2n-9,12¢ 10.87" 11.93" 13.50" 13.90" 13.11%" 0.321 0.034
C18:3n-9,12,15¢ 0.21" 0.24" 0.23" 0.42° 0.37°" 0.023 0.040
C20:1n-11c 0.44 0.26 0.41 0.32 0.28 0.021 0.154
(20:2n-11,14c 0.91 0.75 0.77 0.98 0.91 0.093 0.924
(C20:3n-8,11,14c¢ 0.28" 0.54*" 0.64"" 0.90" 0.71" 0.045 0.013
C20:5n-5,8,11,14,17¢ 0.23" 0.22" 0.43" 1.40" 0.14" 0.039 <0.001
022:0 1.12 1.30 1.39 1.44 1.18 0.159 0.148
(22:2n-13,16¢ 0.25 0.24 0.33 0.32 0.30 0.018 0.431
(22:61-4,7,10,13,16,19¢ 0.67 0.81 0.91 0.88 0.71 0.059 0.656
SFA® 69.76 65.37 64.86 67.82 65.79 0.525 0.114
MUFA" 16.11°" 15.8°" 16.42"" 19.89" 14.75" 0.309 0.005
PUFA® 13.57" 15.14" 17.05"" 20.05" 16.75"" 0.354 0.002

“PMeans in the same row with different letters differ significantly (P < 0.05). The fatty acid results were presented as g/100 g fatty acids (wt%). Data
are means for 8 birds per treatment.

1C14:1n-9¢, Myristic acid; C15:0, Pentadecanoic acid; C16:0, Palmitic acid; C16:1n-9c, Palmitoleic acid; C17:0, Daturic acid; C18:0, Stearic acid;
C18:1n-9t, Trans-oleic acid; C18:1n-9¢, Oleic acid; C18:2n-9,12t, Trans-linoleic acid; C18:2n-9,12¢, Cis-linoleic acid; C18:3n-9,12,15¢, a-Linolenic acid;
C20:1n-11¢, Eicosenoic acid; C20:2n-11,14c¢, Eicosadienoic acid; C20:3n-8,11,14c¢, Eicostrienoic acid; C20:5n-5,8,11,14,17¢, Pentosapentanoic acid (EPA);
(22:0, Docosanoic acid; C22:2n-13,16¢, Docosaedienoic acid; C22:6n-4,7,10,13,16,19¢, Docosahexaenoic acid (DHA); SFA, Saturated fatty acids; MUFA,
Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids.

2SEM, standard error of the means.

3SFA percentage is the sum of 15:0, 16:0, 17:0, 18:0 and 22:0.

MUFA percentage was calculated as the sum of C14:1n-9¢, C16:1n-9c, C18:1n-9t, C18:1n-9¢c and C20:1n-11c.

SPUFA percentage was calculated as the sum of C18:2n- 9,12t, C18:2n-9,12¢, C18:3n-9,12,15¢, C20:2n-11,14¢, C20:3n-8,11,14c, C20:5n-5,8,11,14,17c,
(22:2n-13,16¢, and C22:6n-4,7,10,13,16,19c¢.
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Table 6. Effect of dietary TA supplementation on essential
amino acid profile (%) of breast muscle in broilers.

Dietary TA concentration, mg/kg

Ttem 0 200 400 600 800 SEM  P-value
Lys 1.33 1.32 1.32 147  1.44 0.019 0.069
Met 032" 0.39" 035" 044" 042"  0.012 0.026
Ile 0.61 0.62 0.61 0.69  0.66 0.008 0.130
Leu  1.19 1.20 1.19 1.33 1.29 0.016 0.137
Thr  0.67° 0.70"  0.67" 0.74*  0.71">  0.005 0.002
Val 067  0.67 0.67 074 071 0.008 0.158
His 0.60  0.59 0.60 062  0.62 0.011 0.831
Arg  1.01 1.00 1.01 1.12 1.09 0.014 0.140
Phe 056  0.57 0.56 062  0.62 0.008 0.158

»PMeans in the same row with different letters differ significantly (P <
0.05). Data are means for 8 birds per treatment.

Table 7. Effect of dietary TA supplementation on nonessential
amino acid profile (%) of breast meat in broilers.

Dietary TA concentration, mg/kg

Item 0 200 400 600 800 SEM  P-value
Asp  1.36" 145" 137" 152" 145" 0.010 0.002
Ser 0.60"" 059" 058" 065"  0.62"°  0.007 0.044
Glu 228" 237" 227" 254" 242" 0.020 0.004
Pro  0.29"°  0.35"" 037" 040" 0.38""  0.010 0.025
Gly 057 0.58 0.62 062  0.60 0.009 0.353
Ala  0.83 0.83 0.85 092  0.88 0.010 0.165
Cys 015 0.15 0.15 017  0.15 0.016 0.349
Tyr 051 0.51 0.51 057  0.55 0.007  0.120

*PMeans in the same row with different letters differ significantly (P <
0.05). Data are means for 8 birds per treatment.

meat quality is due to the TA. It should be noted that we
investigated the effects of TA on growth performance in
broilers in a previous study, and found that TA adminis-
tration had no remarkable effect on growth performance,
but significantly increased the average daily feed intake
(ADFI) when supplemented at 400 and 600 mg/kg in
the grower phase. To the best of our knowledge, SAO
with aromatic anise flavor could stimulate appetite thus
increase the ADFI of broilers (Wang et al., 2011). Con-
sisted with that, we found that laying hens consumed
SAO containing diets tended to have a higher ADFI of
laying hens (Yu et al., 2018). However, it was reported
that the growth performance of broilers was not affected
by inclusion of essential oils consisting of menthol and
anethole (Hafeez et al., 2016). Taken together, the effects
of TA on the growth performance of broilers may be con-
cerned with the experimental conditions, hygiene, and
animal age (Goel et al., 2008). Further research on effects
of TA supplementation on feed intake and growth perfor-
mance of broilers needed to be investigated.

In this study, the results showed that serum concen-
tration of TG was significantly decreased, whereas
HDL-C on d 42 was increased by 600 mg/kg of TA sup-
plementation. It is well known that serum HDL-C level
is inversely associated with the incidence of coronary
heart disease (CHD) in human and animals
(Curb et al., 2004). The increased serum HDL-C concen-
tration suggested that TA may have lipid-lowing and
anti-atherosclerosis activities. In addition, the role of
TA on lipid metabolism has been demonstrated in previ-
ous studies (Kang et al., 2018; Rhee et al., 2018;

Song et al., 2020). It was demonstrated that TA may
have therapeutic implications for ameliorating obesity
by inducing the white fat browning, activating brown
adipocytes, and promoting lipid catabolism (Kang et al.,
2018). Rhee et al. (2018) reported that TA suppressed
the adipogenic differentiation of human mesenchymal
stem cells (hMSCs), indicating that TA may inhibit
lipid generation. These supporting results suggested
that TA could regulate lipid metabolism in broilers,
which may contribute to decreasing percentage of
abdominal fat of broilers.

To the best of our knowledge, broilers consuming SAO
diets showed a higher carcass yield by increasing organ
weight (Simsek et al., 2007). However, in the study con-
ducted by Ding et al. (2020), the author observed no
effects of SAO on the carcass traits, including PCY, ER,
and rates of breast and thigh muscle in birds. These
results were similar with the results of this study that
TA significantly increased the HCR and ER, but had no
influence on rates of breast and thigh muscle. The
increased HCR and ER may be due to the beneficial
effects of TA on nutrient digestibility, and intestinal
barrier integrity (Amad et al., 2011; Yi et al., 2021).
Additionally, the drip loss and cooking loss of breast
muscle were significantly decreased by 600 mg/kg of TA
supplementation. They are important parameters
reflecting the juiciness and tenderness of meat
(Yang et al., 2010). The lower drip loss and cooking loss
indicated a higher water-holding capacity and juiciness
of chicken caused by TA. In agreement with our results,
it was reported that star anise extract had no effect on
pH of chilled pork patties (Yin et al., 2014).
Ding et al. (2020) also observed no changes on pH and
meat color, but lower drip loss of breast muscle in
broilers.

There is limited data concerning the beneficial effects
of TA on the fatty acid composition, and amino acid
profile of chicken meat. w-3 PUFA has positive effects
on preventing insulin resistance, cardiovascular disease
and ameliorating non-alcoholic fatty liver disease
(Capanni et al., 2006; Fedor and Kelley, 2009). w-6
PUFA, such as linoleic acid, has positive effects on
downregulating serum cholesterol concentration and
preventing cardiovascular disease (Troisi et al., 1992;
Simopoulos, 2002). In this study, inclusion of 600 mg/kg
of TA in broiler diets led to a remarkable increase in the
levels of unsaturated fatty acids and a numerical
decrease in saturated fats of breast muscle. The concen-
tration of a-linolenic acid, EPA, oleic acid, and linoleic
acid in the breast muscle of broilers were significantly
increased by 600 mg,/kg of TA compared to nonsupple-
mented TA group. These noteworthy results indicated
that TA could increase the w-3 and w-6 PUFA propor-
tion in chicken meat. Further research requires to be car-
ried out to clarify the mechanism of the changes.
Furthermore, free amino acid profile, especially Ala,
Leu, Ser, Val, and Glu, was reported to contribute to
the flavor of meat by maillard reaction (Rabie et al.,
2009). The results showed that 600 mg/kg of TA signifi-
cantly increased the concentration of Met, Thr, Asp,
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Ser, Glu, and Pro in the breast muscle, indicating that
TA supplementation may improve the flavor of chicken
meat by increasing the concentration of flavor amino
acids. This promising result may be explained by the
digestive function of TA (Yu et al., 2019; Yu et al.,
2020). In addition, it was demonstrated that dietary
supplementation of natural antioxidants could enhance
the quality of meat by preventing lipid peroxidation and
protein denaturation, eventually improving the fatty
acid and amino acid profile of meat (Upton and
Edens, 2009). Based on the widely reported antioxidant
and antimicrobial properties of TA, further research of
TA on the preservation and shelf life extension of
chicken meat needs to be characterized.

An interesting finding of this study was that the effi-
ciency of 600 mg/kg of TA on improving meat quality
was better than 800 mg/kg. It was reported that the
inclusion concentration of plant essential oils could
affect broiler response (Mountzouris et al., 2011;
Reyer et al., 2017). The stimulating odors of essential
oils may result in inferior sensory effects on animals,
thereby influence gut motility and ingestion when be
used at a high concentration (Laugerette et al., 2005;
Huang et al., 2018). Taken together, highly pungent
anise flavor of TA when supplemented at a high concen-
tration may influence the diet’s taste and broilers’ appe-
tite, thereby lead to stress response of broilers.
Hereunder, we can conclude that the quality of chicken
meat may response to TA administration in a dose
dependent manner.

CONCLUSIONS

Supplementation of TA at the level of 600 mg/kg of
broiler diets promoted lipid metabolism, and improved
meat quality. In addition, long-term supplementation
with 600 mg/kg of TA has the optimum potential to
change the fatty acid composition toward a higher per-
centage of PUFA, and increase concentration of flavor
amino acids in the breast muscle.
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